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ABSTRACT
The problem of practice in this dissertation in practice focuses on the lack of
motivation and engagement exhibited by career technical education (CTE) students
within the traditional high school chemistry classroom as a response to textbook and
teacher-centered pedagogy. This qualitative action research study utilizes a game-based
learning intervention that is ultimately based upon the personal interests and sociocultural
discourses of the six case study participants and analyzes its impact on both the
motivation and engagement of this particular sample of rural, socioeconomically
disadvantaged, CTE secondary students. During the intervention, a total of five chemistry
video games were played by the students over the course of eight weeks including Atom
Builder, Bond Breaker, Smashbond, My Molecularium, and ChemCaper Act I: Petticles
in Peril. In order to define and measure motivation, Ryan and Deci’s self-determination
theory was used while Csikzsentmihalyi’s flow theory provides the framework for
defining and measuring engagement. Findings suggest that the incorporation of gamebased learning to chemistry curriculum and instruction has a positive impact on both the
motivation and engagement of these students within the high school chemistry classroom.
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CHAPTER ONE
INTRODUCTION
I teach general chemistry as well as assistant coach boys’ soccer at a rural,
southern, Title I government-funded public high school located in the mountainous and
temperate corner of Southeastern Tennessee. More specifically, I teach principles of
chemistry within the career technical education (CTE) academy at my secondary
institution. The problem of practice (PoP) addressed in this action research (AR) based
dissertation in practice first evolved as a result of the consistent lack of motivation and
absence of engagement that I visibly observed amongst the population of students who
found themselves in my high school chemistry classroom. As a result of my observations
during my novice years as an educator, I have continued to ask myself, how do I translate
this traditional classroom and laboratory version of chemistry that I know and love, into
an entertaining and engaging version of chemistry that motivates my students to learn
concepts that they otherwise would not attempt to understand or care to concern
themselves with? As I have considered and contemplated this question, I have grown
much more concerned with how the subject of chemistry can contribute to the education
and social development of individual young people who are not necessarily going to
specialize in it, while ultimately trying to resist the “fallacy” to homogeneously teach my
students as if they all passionately aspired to be a university-educated scientist, high
school science teacher, or college chemistry professor (Counts, 1932; Flinders &
Thornton, 2017). In other words, I suggest that curriculum, instruction, and pedagogy
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should be approached and executed in such a way that it first emphasizes and discovers
“what” chemistry is most valuable to the individual student, before attempting to explore
“how” to teach chemistry content to the masses (Dewey, 1902).
Not only does approaching chemistry from a one-size-fits-all perspective limit the
applicability of the central science to real-life experiences, but it systematically
marginalizes all of the students who do not arrive to the classroom with a pre-existing,
innate interest in learning about chemical science as well as those who do not require
science courses as a prerequisite for their academic and eventual professional futures. In
addition, if chemistry curriculum and instruction are presented in such a way that lack
connection with the real world, relevance to personal experiences, and fail to integrate
their own language and discourse, then students will become disengaged and see little to
no practical use for this scientific discipline and unmotivated to engage in the learning
process (Broman, 2011; Gee, 1989; Mujtaba et al., 2018). Rather than being presented in
a purely objective form, according to Dewey (1897), chemistry is of subjective value to
students because it gives those who learn its principles the ability to interpret the world
around them and their prior experiences within it. From this perspective, my Title Isupported students should not be introduced to chemistry concepts and content as a novel
form of complex and unrelated subject matter as they traditionally are, but rather as a
means of connecting and better understanding the relationships between life experiences
through a medium and style of discourse with which these students are inherently and
culturally familiar with (Dewey, 1897).
In addition to having jobs or playing sports after school, most of my students are
responsible for assisting their families financially, and they are often relied upon for
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transporting and caring after siblings at home while parents are away at work for
extended hours. Unfortunately, some of my students even find themselves as frequent
victims of familial and domestic conflict. With that being said, the students sitting in my
classroom lead very busy and oftentimes stressful lives. Although some do choose to
move on to colleges or universities for postsecondary education, the majority of the
students that I teach typically desire to go on and pursue a certification or degree from a
technical program or trade school, or they navigate directly into the workforce following
graduation. A good portion of these hardworking CTE students are able to gain the
necessary credentials at the high school level to negate the need to pursue postsecondary
education or certification altogether.
According to Gee (1989), my individual students all have their own unique discourses
that I feel can most accurately be described with demographic categories such as
American, African American, Hispanic, young adults, secondary students, working class,
lower socioeconomic status, marginalized, rural, hardworking, highly sociable, and CTE
oriented. However, to promote the proper maintenance, growth, and functioning of these
discourses as well as foster healthy construction of their “identity kits,” students
primarily rely upon their own technological literacy and their ability to navigate and
effectively use devices such as smartphones, laptops, tablets, and game systems (Gee,
1989). As I began to consider the factors that motivated this fascinating, hardworking,
and unique population of young adults, it became clear that my students prefer to use
these devices for learning and perhaps even more importantly for them, they function as a
gateway to their social life and serve as an indispensable personal entertainment tool.
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As a sophomore in high school, I can remember when the very first iPhones and
Androids became available on the market in 2007. Overnight, our lives were instantly
changed, as it had never before been so effortless to communicate with each other and
enjoy media such as music, games, and television from the palm of our hand. In other
words, the social impact of the internet and digital media took on an entirely new level of
importance during the information age and a time of rapid globalization (Griffin et al.,
2012). Soon after I became a high school chemistry teacher, it quickly became apparent
the majority of my students and I both share a “common knowledge” and have a shared
passion for playing videogames (Easen & Bolden, 2005). According to Adams (2006),
common knowledge not only presents “interesting opportunities to engage with social
constructivist thinking,” but also has been shown to “bridge the gap between the worlds
of home and school,” especially when it “connects to a leaner’s wider, personal agenda”
(p. 251).
When I think back to my own days of secondary school, some of my fondest and
most vivid memories consist of a much younger, less-stressed version of myself tirelessly
combating alien invaders or scoring goals alongside my energy drink-saturated friends
until the early hours of the morning, or unless one of our parents decided they couldn’t
handle the noise anymore. Nowadays, I must admit that I am wildly jealous of the current
teenage and young adult generation as a result of their degree of mobile access to highquality award-winning platform titles as well as the overflowing plethora of videogames
and downloadable applications they have available to them at their fingertips that also
happen to be virtually playable with anyone, anywhere, on any device, at any time.
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According to the Pew Internet & American Life Project, 99% of boys and 94% of
girls currently play digital games (Lenhart et al., 2008). In addition, youth report
spending approximately 7-10 hours playing videogames per week on average, with more
recent estimates showing even higher numbers (Homer et al., 2012). Although
discrepancies do exist in the types of videogames that boys and girls prefer to play as
well as the amount of time they spend playing them, studies have not been able to
identify significant gender differences in learning or motivational outcomes in regard to
educational games (Lenhart et al., 2015).
Goldstein (2020) highlighted that more than 30,000 K-12 public schools and over 20
million students have been adversely affected by the recent global coronavirus pandemic.
As a result, the majority of these students will ultimately be asked to shift their learning
and education from an entirely physical environment in real life (IRL) to a technological
format that emphasizes digital and virtual settings. Not only does learning through
technology “pose a serious threat to the academic progress, safety, and the social lives of
our students,” but developing digital curriculum, instruction, and pedagogy presents its
own individual set of challenges for educators (Heafner et. al, 2015). More specifically, it
has the potential to have a disproportionate effect on students who come from rural
settings, low income homes, and socioeconomically disadvantaged backgrounds
(Goldstein, 2020). On the other hand, when implemented successfully, learning through
the incorporation and integration of technology “has the potential to dramatically expand
the educational opportunities of American students, largely overcoming the geographic
and demographic restrictions” (Lips, 2010) that are typically associated with traditional
schooling.
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Gupta’s (2019) research shows that the chemistry classroom is starting to see an
“exploration of game-based learning” regarding the use of screen-based video games as a
means of teaching concepts and providing skills to nonmainstream students that struggle
in traditional classroom settings. Rather than simply being fixated on learning in terms of
memorization and understanding of irrelevant chemistry facts in a traditional classroom
setting, students will be motivated to engage in learning through the application of
chemistry concepts in game-based worlds in order to solve challenging problems, the
execution of meaningful activity, and evaluation of their performance within contexts that
are related to their social lives and often times are personally significant to them. As
opposed to teaching through lecture and other traditional approaches, Gupta’s (2019)
research indicates that well-designed game-based learning (GBL) opportunities “directly
involve learners,” “capture their interests,” “encourage collaboration,” “provide real-time
feedback,” and are “fun, engaging, and appealing” for a broad and diverse range of
students (p. 66). With these ideas in mind, this study utilizes a GBL intervention and
analyzes its influence on both the motivation and engagement of this specific population
of CTE students.
Theoretical Framework
Constructivists claim that meaningful learning occurs when individuals are provided
with frequent opportunities to cultivate novel ideas and create new knowledge from
existing information in order to solve problems or discover solutions (Snowman &
McCown, 2015). According to Lev Vygotsky, knowledge is primarily constructed
through our dialogue with others and how we think is mainly a function of both the social
and cultural influences that exist within our lives (Rowe & Wertsch, 2002). More
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specifically, social constructivism emphasizes the notion that meaningful learning and the
construction of knowledge originate primarily as a result of our social interaction and
negotiation with others. One person’s knowledge cannot be identical to the knowledge of
another as a result of personal experiences that are greatly affected by factors such as
gender, race/ethnicity, age, social class, religion, sexual orientation, and existing prior
knowledge (Snowman & McCown, 2015).
Through social interaction with their peers and superiors at school, learners are
provided with opportunities to gain perspectives different from their own and can then
work to modify their own existing knowledge structures in order to accommodate the
multiple perspectives that they encounter (Azavedo, 2009). When individuals are taught
how to use the psychological tools of their own culture such as language, writing,
numbers, and even chemical formulas as devices and protocols for communicating with
and exploring the world around them, eventually their social interactions with teachers
are “internalized as cognitive processes that are autonomously invoked” (Burton et al.,
2009; Gredler & Shields, 2004; Snowman & McCown, 2015, p. 50). From this
perspective, social interaction is seen as a prerequisite for healthy cognitive development,
or in the words of Vygotsky, only “through others we become ourselves” (Tudge &
Scrimsher, 2003, p. 218).
Furthermore, Vygotsky (1978) claimed that students have the ability to significantly
gain from the psychological tools passed down to them by those who were more
intellectually capable and experienced regardless of whether they were peers of the same
age, older students, their immediate and extended families, or educators. Vygotsky
(1978) referred to the discrepancy between what a child can independently achieve versus
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what they can accomplish with help or assistance from more knowledgeable others
(MKOs) as a student’s zone of proximal development (ZPD) and that students are more
likely to navigate their ZPD and improve their learning if they are provided with
scaffolds such as hints, leading questions, or clues during early phases of instruction. Pea
(1985) and Salomon (1988) were some of the first researchers to suggest that perhaps
technology could play a similar role as the MKO using software and computer programs
designed to initially scaffold students and then gradually fading these supports as students
were able to show growth in competency (Cotterall & Cohen, 2003). As educators,
researchers, and technology have grown and improved over the years, we have increased
our understanding and enhanced our application of Vygotsky’s ideas within the
technological realm (Roth & Lee, 2007; Yelland & Masters, 2007).
Similar to the ideas of social constructivism, progressivist philosophy emphasizes the
natural development of students, as well as close cooperation, collaboration, and social
interaction amongst and between students and teachers in the classroom to build upon
and expand their current knowledge bases (Ornstein et al., 2014). Furthermore, John
Dewey (1902) promoted the idea that children are socially active human beings and
should be provided with opportunities to construct ideas and accomplish learning goals
based on their own unique and personal interests, are eager to explore their environment
and interact with others, will encounter personal and social problems as a result of this
interaction, and that these problems ultimately motivate students to search for solutions
and expand upon their current set of experiences. Ultimately, Dewey (1897) asserted the
idea that human beings are biologically social organisms that use their responses and
impulses to promote their growth and development. In other words, every organism is
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situated in their surroundings, as individuals interact with others and their environments
an experience results, and from these experiences learners can construct a functional
network of information that they can use to solve problems they encounter throughout
their lives. In promoting the experiences that contribute to optimum human growth,
advocates of progressive education assert that a students’ interactions with their
biological and sociocultural environments give rise to the processes of living, growing,
and developing (Ornstein et al., 2014).
According to Snowman and McCown (2015), students who come from
socioeconomically disadvantaged backgrounds may not be strongly motivated to put
forth effort in school as a result of several variables, including lack of prior knowledge,
stressful home environments, and social lives that are difficult to navigate (Ornstein et al.,
2014). In efforts to shed further light on the factors which work to motivate students,
Ryan and Deci’s (2000a) self-determination theory empirically identifies three factors
that promote optimal functioning, growth, and motivation, as well as healthy social
development and personal well-being including competency, relatedness, and autonomy.
In other words, curriculum and instruction should provide students with choice and
control within appropriately leveled tasks that activate their prior knowledge, present
them with a scaffold of challenges that sets them up for success and builds upon their
current level of competence, as well as relates to their own individual experiences within
their personal and social lives.
In a similar manner, Csikszentmihalyi (1990) characterized high engagement by
intense concentration, the absence of distraction, sustained interest over time, and the
enjoyment of an activity’s challenge level. Furthermore, Csikszentmihalyi (1990)
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described optimal experiences as “those occasions where we feel a sense of exhilaration
and a deep sense of enjoyment” (p. 1). According to Csikszentmihalyi (1990), the factors
that promote optimal experiences include the development of challenging tasks with a
reasonable chance of completion that provide us with a sense of control over our actions.
Furthermore, he (1988) stated that engagement is more likely to occur as a result of
wholehearted participation in accomplishing a task or completing an activity that is
personally significant or related to the life of the individual student.
As opposed to thinking of a discourse as merely communication among two or more
people, James Paul Gee (1989) emphasized a discourse as a “socially accepted
association among ways of using language, of thinking, and of acting that can be used to
identify oneself as a member of a socially meaningful group or a social network” (p. 1).
He encourages us to think of a discourse as an “identity kit” that comes complete with the
“appropriate costume and instructions on how to act and talk so as to take on a particular
role that others will recognize” (Gee, 1989, p. 1). Gee (1989) claimed that the discourses
of children from “non-mainstream homes” such as the socioeconomically disadvantaged
students that I work alongside during my practice not only poorly aligns with the
discourse of their secondary education but is oftentimes found to be directly oppositional
and conflict with the discourses experienced within their own sociocultural and personal
lives (p.8). Similar to how my students learn within their CTE and business courses, Gee
(1989) recommended focusing on the acquisition of knowledge in “non-traditional” and
“natural” settings that reach beyond the walls of the classroom rather than learning in
“traditional classroom settings” when teaching “non-mainstream children” mastery
within a particular discourse. According to Gee (1989), particular discourses concern
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themselves with “certain objects and puts forward certain concepts, viewpoints and
values at the expense of others” (p. 2). It is safe to say that one of the primary objects
students tend to concern themselves with most as a result of their sociocultural and
unique personal discourses happens to revolve around the technology they use to navigate
the discourses embedded within their lives, whether that be a phone, a lap-top, computer,
tablet, television, a game system, or oftentimes a combination of these items. In other
words, these devices function as a gateway to their social lives and serve as an
indispensable personal entertainment tool.
For many of my students, gaming in particular can be described as an essential
discourse and vital functioning part of their “identity kit” (Gee, 1989). Considering the
level of engagement that video games are able to generate for such a broad and diverse
range of individuals, as well as their overall social appeal for group play, many have
advocated and argued that games create an ideal medium for teaching and learning within
the classroom (Gee, 2003, 2007, 2008; Squire, 2006, 2010, 2011; Plass et al., 2015).
According to Shaffer et al. (2005), most definitions of GBL tend to emphasize the idea
that the activity must include some form of game play with defined learning outcomes
and that play should ultimately be the essential characteristic found within the game, as
research has proven over time that play and social interaction is a crucial element of
human development (Vygotsky, 1978). More specifically, Salen and Zimmerman (2004)
described a game as “a system in which players engage in an artificial conflict, defined
by rules, that results in a quantifiable outcome” (p. 80). From a sociocultural perspective,
games provide players with the opportunity to socially engage, participate in groups, use
collective knowledge to meet goals, and give students contexts where social interactions
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with their peers work to improve learning (Squire, 2006, 2011). With digital game
software serving as the more knowledgeable other (MKO), students will work alongside
each other and be provided with scaffolds as they learn new chemistry content that
appropriately falls within their ZPDs. According to Plass et. al (2015), GBL designs that
are rooted in a social and cultural perspective “emphasize motivation and engagement”
and “strive to create meaningful and socially supported contexts” (p. 273).
Through the use of digital GBL, students will be provided with more robust
autonomy and more frequent opportunity to construct meaning from relevant and related
situations in which they feel more competent, as well as that consider their individual
interests and resemble their own real-life experiences. As a result of their familiarity with
game-based contexts, the goal of the GBL intervention is to provide students with a
medium for learning that they maintain a sense of control over, feel competent and
familiar with, as well as is related to their own personal and unique interests (Ryan &
Deci, 2000a). Csikszentmihalyi and Rathunde (2005) found that students enrolled in
educational programs that take advantage of factors influencing individual interests of
students report higher levels of engagement, more energetic experiences, and greater
intrinsic motivation. Plass et al. (2015) stated that high quality gaming experiences aim
for the “sweet spot” or fall within students’ ZPDs in which they will encounter
appropriately leveled challenges that they are able to overcome, noting that “when there
are too many demands, options, and challenges, we become anxious” and “when there are
too few, we get bored” (Csikszentmihalyi, 1990, p. 7; Vygotsky, 1978). According to
Snowman and McCown (2015), if you have ever been engaged and interested in an
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activity such as playing a videogame that causes you to lose track of time or you had
trouble quitting, then you have experienced a state of flow.
Research Questions and Purpose Statement
The study plans to investigate the following two research questions:
1. How does game-based learning (GBL) influence the motivation of
socioeconomically disadvantaged, rural, southern, eleventh grade public high
school students to learn chemistry curriculum?
2. How does game-based learning (GBL) impact the engagement of
socioeconomically disadvantaged, rural, southern, eleventh grade public high
school students during instruction within the chemistry classroom?
The purpose of this study is to examine the effect of a GBL intervention. More
specifically, this AR project focuses on investigating the motivation and engagement of a
socioeconomically disadvantaged, rural, and southern population of eleventh grade high
school students.
Positionality of the Practitioner-Researcher
Organizationally, this study will take place at the rural, Title I government funded
public school where I teach chemistry and assistant coach boys’ soccer, ultimately
making me an organizational and professional insider attempting to serve an
underrepresented, underserved, and socioeconomically disadvantaged population of
students, as well as analyze, improve, and reflect upon my own curriculum, instruction,
and pedagogy within the high school chemistry classroom. According to Herr and
Anderson’s Continuum and Implications of Positionality, this study will take place on
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level one of the spectrum in which the insider or researcher investigates and studies their
own practice (Herr & Anderson, 2015, p. 40).
In addition, I am personally an insider to this demographic of students in many
ways. Not only did I attend secondary school in rural Tennessee, but my family has
owned, operated, and managed farmland in the southeast corner of this southern state for
over a century. As a 27-year-old White male, I am also generationally and racially an
insider as the vast majority of my students are transitioning to young adulthood and are
predominately White males and females.
Brief Overview of Methodology
The research is governed under the jurisdiction of an interpretivist and constructivist
research paradigm that suggests reality is socially constructed by individuals, and that
multiple interpretations of reality exist that we can attempt to further understand and describe
(Chilisa, 2020). The applied research found within this study involves applicability to a
specific context and group of people, as well as is situated within a problem found in my own
practice as a high school chemistry teacher, but is not necessarily related to a broader field of
knowledge or applicable outside of this particular study (Wallen & Frankel, 2001, p. 7). The
primary motives behind this proposal are in alignment with the goals of AR methodology
(Herr & Anderson, 2015). This study ultimately aims to produce results that are relevant to
the local setting and context of my own unique practice as an educator, improve the
educational and learning experience of the participants, as well as promote positive growth
and development of the practitioner researcher (Efron & Ravid, 2013).

Demographically speaking, out of just under two-thousand total students at this
particular institution, about 61.5% are considered socioeconomically disadvantaged and
therefore qualify as recipients for free and reduced lunch (Tennessee Department of
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Education, 2020). In addition, the school population where the study will take place is
predominately White (88.1%) with a limited presence of African American (4.6%),
Hispanic (6.2%), Asian (0.8%), and Native American/Pacific Islander (0.3%)
subpopulations that range in age from 14-19 years old (Tennessee Department of
Education, 2020). In reference to Gee’s (1989) theory of literacy and the creation of
identity kits, my students’ discourses can most accurately be described with categories
such as American, Hispanic, Black, White, young adults, secondary students, working
class, lower socioeconomic status, marginalized, rural, southern, and CTE oriented.
This qualitative study will be organized into five different levels of inquiry including,
“description, discovery, exploration, interpretation, and verification” (Durdella, 2019, p. 4).
This qualitative approach will not only allow the researcher to collect data by means of
interacting with participants in their own unique contexts within the natural school setting but
is strongly recommended for practitioners who remain involved in sustained experiences with
the participants following the conclusion of their study (Creswell, 2009). In addition, this
type of approach is especially recommended for practitioners who desire to obtain a more
detailed description of individual participants as a method of piecing together a more
wholesome and accurate picture of their experiences (Stake, 1995).

For this particular qualitative research design, the focal group students will ultimately
be selected using two tiers of nonprobability sampling, or purposeful sampling. While
convenience sampling is somewhat at play within this PoP, once my first block class for
the case study pool was identified, three eleventh grade females and three eleventh grade
males were selected for the focal group primarily based on a criterion-based selection
process (LeCompte & Schensul, 2010). Students chosen for the focal group must be
considered socioeconomically disadvantaged (receive free or reduced lunch), self-report
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earning class grades that fall within a B- to D+ range on average, report that they play
video games for at least one hour a week and experience a limited interest in learning
science as a subject.
During the GBL intervention, students will play a series of chemistry video games
based on their own unique interests that will be identified as a result of the initial
interview process. U.S. Army Stars: Elements contains two different games, Atom Builder
and Smashbond, that were both created by The Army Game Studio at Systems
Simulation, Software, and Integration (S3I) in order to help students understand basic
chemistry concepts such as atomic structure, periodicity, and chemical bonding.
BondBreaker was created and developed by researchers at the National Science
Foundation (NSF) funded Center for Chemistry at the Space-Time Limit (CaSTL)
located at the University of California Irvine in collaboration with TestTube games
(CaSTL, 2014). It teaches students about atomic structure, electrical charges,
intermolecular forces, chemical bonding, and the ways in which processes such as heat
and light affect atoms and their subatomic components. Next, as we advance into
chemical bonding, the students will play ChemCaper, a chemistry role-playing game
(RPG) based on the University of Cambridge’s International General Certificate of
Secondary Education (IGCSE) Year 7 Chemistry Syallbus and was developed by ACE
EdVenture Studio in collaboration with Artoncode (Tham, 2016). ChemCaper aims to
help students understand and comprehend chemistry concepts that cover standards such
as learning scientific apparatus and various laboratory techniques, periodicity, and the
major types of chemical bonding (Tham, 2016). For the last unit of the intervention,
students will play My Molecularium, a video game developed by the Rensselaer
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Polytechnic Institute and Nanotechnology Center and produced by Garde et al. (2021) as
a part of the Molecularium Project in order to expand science literacy and awareness as
well as excite and engage student audiences of a variety of ages and learning abilities.
This game primarily teaches students about covalent bonding, as well as the threedimensional structure and composition of various molecules. It can be downloaded as a
playable application for Apple IOS or Google Android devices.
Once the block class and focal group were selected and the games were identified, the
remainder of the data collection and analysis process was organized into Durdella’s
(2019) five different levels of inquiry including “description, discovery, exploration,
interpretation, and verification” (p. 4). Throughout the duration of the study,
observational data was collected and organized from the entire case study pool or class of
eighteen students using Biklen and Bogdan’s (1992) split protocol that involves recording
both descriptive and reflective notes. In addition, group interviews were conducted at the
beginning and at the end of the intervention using the interview protocol recommended
by Creswell (2009). Lastly, this study collected and analyzed data from a student-made
private document, more specifically a daily journal that focal group students will reflect
and record in using the prompt provided.
Significance of the Study
First and foremost, the primary mission of this DiP is to provide a further
understanding of curriculum and instruction that can be utilized to better serve an
underrepresented and underserved demographic consisting of a socioeconomically
disadvantaged and rural population of students. According to Ann Bastian et al. (1985),
we have “catastrophically failed” to provide a decent education and adequate citizenship
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skills to low-income students. As of 2015, the Every Student Succeeds Act (ESSA)
identified “students in poverty” as one of four key groups that are deserving of special
attention in regard to fostering performance, growth, and achievement. Research by
Mujtaba et al. (2018) suggests that fewer and fewer students from disadvantaged
backgrounds are electing to enroll in chemistry courses, as well as continue to study
chemistry after compulsory education. Furthermore, Mujtaba (2018) highlights the fact
that less chemistry education research specifically focuses on subjective factors such as
attitude, motivation, and engagement of students in chemistry classrooms when compared
with those that are primarily concerned with academic performance and achievement.
Overall, the declining situation for socioeconomically disadvantaged students’ academic
performance and motivation in science classrooms has been labeled by the Royal Society
of Chemistry as a top priority area (Mujtaba, 2018).
AR-based methodology was chosen for this dissertation because it allows the
teacher to approach the problem and interact with the participants as both a researcher
and a practitioner. In other words, rather than the intervention being done to or on the
participants, it will be carried out alongside, or with them (Efron & Ravid, 2013). In
addition, the effects of the GBL intervention can be viewed from both the perspective of
the participants as well as the teacher researcher, allowing for further development and
growth of the practitioner within their curriculum, instruction, and pedagogy. Although
this study is intended to generate knowledge that is ultimately made available to the
public domain, the findings will not necessarily result in data that is generalizable or
transferable to another study or PoP. However, AR was chosen as the primary research
methodology because of its sensitivity to the unique settings of education practitioners
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and the unique individuals contained within them. In the most general sense, this DiP
would be most beneficial for physical science educators who are interested in alternative
curricular and instructional practices or who teach socioeconomically disadvantaged
students in primarily rural areas and find themselves struggling to motivate and engage
their students on a daily basis. More specifically, I would recommend this dissertation to
practitioners who find themselves teaching and interacting with students who experience
limited achievement in chemistry and other physical sciences or are simply not interested
in science as a subject altogether.
Definitions of the Terms
Action Research (AR) – an exploration of a practical problem with an aim toward
developing a solution to a problem (Creswell, 2005).
Applied Research – involves applicability to a specific context, situation, or group of
people, is situated in a problem or context and not necessarily related to a broader field of
knowledge, and has immediate and clear implications for practice (Wallen & Fraenkel,
2001, p. 7).
AtomBuilder – a videogame that works as a virtual model where students are able to
create and manipulate atoms within a three-dimensional environment (U.S. Army, 2016).
BondBreaker - a videogame created and developed by researchers at the National Science
Foundation (NSF) funded Center for Chemistry at the Space-Time Limit (CaSTL)
located at the University of California Irvine in collaboration with TestTube games
(CaSTL, 2014). It is easily accessible, free, and available as a mobile application as well
as offer a web-based version that can be played on the computer. Not only does this
puzzle game have an entertaining narrative that includes characters and a storyline that
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revolves around a college student helping her professor with research, but it is based on
real life atomic science principles (CaSTL, 2014).
Career Technical Education (CTE) – provides students of all ages with the academic and
technical skills, knowledge, and training necessary to succeed in future careers and
become lifelong learners. In total, about 12.5 million high school and college students are
enrolled in CTE across the nation. CTE prepares learners for the world of work by
introducing them to workplace competencies and makes academic content accessible to
students by providing it in a hands-on context.
ChemCaper – is a chemistry role-playing action adventure videogame (RPG) based on
the University of Cambridge’s International General Certificate of Secondary Education
(IGCSE) Year 7 Chemistry Syllabus (Tham, 2016). Developed by ACE EdVenture
Studio in collaboration with Artoncode, ChemCaper aims to help students understand and
comprehend the subject of chemistry through gameplay and grasp it from a young age.
Chemistry – known as the central science, because it is fundamental to the understanding
of all other sciences. It is concerned with the study of the composition and behavior of
matter as well as the changes that matter undergoes (Wilbraham et al., 2017, p. 2)
Constructivism – meaningful learning occurs when people create new ideas, or
knowledge (rules and hypotheses that explain things), from existing information (facts,
concepts, and procedures). In other words, the process of creating knowledge to solve and
eliminate problems (Snowman & McCown, 2012).
Curriculum and Instruction (C&I) – a field of education which seeks to research,
develop, and implement curricular, instructional, and pedagogical changes that increase
student engagement, motivation, and achievement within and outside of schools.
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Dissertation in Practice – scholarship focused by a lens of social justice on a PoP that is
addressed by a design for action that yields generative impacts on the practice of
educational leadership with the aims of educational improvement (Herr & Anderson,
2019).
Engagement – characterized by a sense of control over consciousness and actions,
effortless involvement, lack of concern for self, and an alteration of the concept of time
where hours can pass in minutes or minutes can feel like hours (Cziksentmihalyi, 1990, p.
3).
Flow Theory – a state of flow is described as an optimal experience in which we feel a
deep sense of exhilaration and enjoyment, when we are focused on realistic goals with
our skills matching the opportunities for action and experience an alteration of the
concept of time (Cziksentmihalyi, 1990, pp. 1-3).
Game – a system in which players engage in an artificial conflict, defined by rules, that
results in a quantifiable outcome (Salen & Zimmerman, 2004, p. 80).
Game-Based Learning (GBL) – curriculum and instruction that emphasizes some type of
game play with defined learning outcomes (Shaffer et al., 2005).
In Real Life (IRL) – an acronym used when there is a desire to distinguish between reality
and something that happens in games, on social media, or television.
Interpretist/Constructivist Research Paradigm – reality is socially constructed; multiple
realities exist that we can understand and describe (Chilisa, 2020).
Literacy Theory (Discourse) – a socially accepted association among ways of using
language, of thinking, and of acting that can be used to identify oneself as a member of a
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socially meaningful group or a social network, or an identity kit which comes complete
with the appropriate costume (Gee, 1989).
More Knowledgeable Other (MKO) – more intellectually capable and experienced
individuals when compared with learners such as educators, parents, tutors, and computer
software (Snowman & McCown, 2015).
Motivation – concerns energy, direction, persistence, and equifinality as well as aspects
of activation and intention (Ryan and Deci, 2000a, p. 69).
My Molecularium – a video game developed by the Rensselaer Polytechnic Institute and
Nanotechnology Center and created under the umbrella of the Molecularium Project
(2021) in order to expand science literacy and awareness as well as excite and engage
student audiences of a variety of ages and learning abilities.
Next Generation Science Standards (NGSS) – developed by states to improve science
education for all students, these standards cover kindergarten through 12th grade science
content knowledge that set the expectations for what students should know and be able to
do (NGSS Lead States, 2013).
Problem of Practice (PoP) – a persistent, contextualized, and specific issue embedded in
the work of a professional practitioner, the addressing of which has the potential to result
in improved understanding, experience, and outcomes (Carnegie Project on the Education
Doctorate, 2019, p. 1).
Progressivism – educating individuals according to their interests and needs through
activities and projects, instruction that features problem solving and collaborative
learning where the teacher acts a facilitator. Asserts the idea that children learn most

22

successfully and satisfyingly by actively exploring their environments and constructing
their own conception of reality based on their direct experiences (Ornstein et al., 2014).
Rural – pertaining to country or farmland rather than city area.
Self-Determination Theory (SDT) – an approach to human motivation and personality
that uses traditional empirical methods while employing an organismic metatheory that
highlights the importance of humans’ evolved inner resources for personality
development and behavioral self-regulation. Furthermore, it identifies the three innate
needs of competence, relatedness, and autonomy as essential for facilitating optimal
functioning of the natural propensities for growth and integration, as well as for
constructive social development and personal well-being (Ryan & Deci, 2000a, p. 68).
Smashbond – a videogame designed to present chemical bonding information and content
in an entertaining format for students to learn, progress through the game, earn points,
and accomplish goals (U.S. Army, 2016).
Social Constructivism – holds that meaningful learning occurs when people are explicitly
taught how to use the psychological tools of their culture such as language, mathematics
and are then given the opportunity to use these tools in authentic, real life activities to
create a common, or shared understating of some phenomenon (Burton et al., 2009).
Socioeconomic Status (SES) – the social standing or class of an individual or group, often
measured as a combination of education, income, family size, and occupation.
Socioeconomically Disadvantaged – For this particular study, student who receive free
and reduced lunch as a result of total income and family size are considered to be
socioeconomically disadvantaged.
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Tennessee Department of Education Academic Science Standards – based on the
Framework for K-12 Science Education and the Next Generation Science Standards.
These standards aim to improve the coherence of science content from grade to grade,
integrate disciplinary core ideas with crosscutting concepts and best science and
engineering practices, as well as promote equity and diversity of science and engineering
education for all learners.
Title I – Title I of the Elementary and Secondary Education Act, as amended by the
Every Student Succeeds Act (ESEA) provides financial assistance to local educational
agencies (LEAs) and schools with high numbers or high percentages of children from
low-income families to help ensure that all children meet challenging state academic
standards. (U.S. Department of Education, 2018).
U.S. Army Stars: Elements - a free educational application developed by The Army Game
Studio at Systems Simulation, Software, and Integration (S3I) in collaboration with U.S.
Army STEM experts and educators (U.S. Army, 2016). Not only is it free, but it is
virtually accessible to anyone with internet as a web version through Windows and IOS
or as a standalone mobile app on the Apple Store or Google Play. The primary purpose
for the development of this game is to aid high school chemistry teachers in teaching
their students to visualize the periodic table of elements, gain basic knowledge of
chemical bonding, and a novice understanding of atomic structure (U.S. Army, 2016).
Zone of Proximal Development (ZPD) – the difference between what a child can do on
their own and what can be accomplished with some assistance (Vygotsky, 1978;
Snowman & McCown, 2015).

24

Organization for the Dissertation
The entirety of this DiP is organized into five chapters. Chapter One serves as the
introductory narrative, identifies the PoP, provides the conceptual framework, and
outlines the research proposal. Chapter Two provides a detailed literature review that first
addresses the primary research supporting the theoretical framework of the study, then
places the study within a historical context, provides an explanation of the social justice
implications, and disseminates the related research and their key findings that are
pertinent to this particular AR-based qualitative case study. In addition, Chapter Three
discusses the research design, describes the participants and how they were sampled, as
well as highlights the data collection and analysis methods of the study. Chapter Four
will then present the results of the intervention as well as outline and organize the data
collected from the participants. Lastly, Chapter Five will consist of a discussion on the
findings and conclude with their implications to the unique context.
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CHAPTER TWO
LITERATURE REVIEW
The problem of practice (PoP) in this study emphasizes my challenges as a
teacher in developing authentic motivation and fostering quality engagement amongst my
socioeconomically disadvantaged, rural, and southern population of students in the public
high school chemistry classroom. In addressing the need for this specific study, Mujtaba
et al. (2018) highlighted that less chemistry education research specifically focuses on
affect, or subjective factors such as attitude, motivation, and engagement in chemistry
when compared with those primarily concerned with student performance and academic
achievement. In addition, Kousa et al. (2018) further identified the lack of existing
research regarding the interaction between student affect or emotion and the subject of
chemistry. More specifically, the declining situation for socioeconomically disadvantaged
students’ motivation in the chemistry classroom as well as concern for their continuation
within applied fields has remained problematic enough for The Royal Society of
Chemistry to ultimately label this relationship a top priority area (Mujtaba et al., 2018).
The purpose of this study is to identify what types of videogames primarily
influence the engagement and motivation of my specific population of students, as well
as to analyze how these two variables are impacted by a game-based learning (GBL)
intervention that is ultimately situated within the individual interests and draws from the
real-life, sociocultural experiences of the participants. Not only does approaching
chemistry curriculum and instruction from a one-size-fits-all perspective limit the
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applicability of the central science to students’ experiences in real-life (IRL), but it
systematically marginalizes all of the students who do not arrive at the classroom with a
pre-existing or inherent interest in learning about chemical science (Mujtaba et al., 2018).
In addition, if chemistry pedagogy is approached and presented in such a way that it lacks
connection with the real world, relevance to their personal experiences, and neglects to
recognize and integrate their own language and discourse, then students will become
disengaged and see little to no practical use for chemistry as a discipline and therefore
will not be motivated to engage in the learning process (Broman, 2011; Gee, 1989;
Kotkas et al., 2016; Kousa et al., 2018; Mujtaba et al., 2018).
According to the New York Times, more than 30 thousand K-12 public schools
and over 20 million students have been adversely affected by the recent coronavirus
pandemic. As a result of the current condition of our society, the majority of these
students will ultimately be asked to transition their learning and education from a
physical, brick-and-mortar environment to a virtual or digital format (Goldstein, 2020).
Not only does learning through technology “pose a serious threat to the academic
progress, safety, and the social lives of our students,” (Heafner et al., 2015), but
developing digital curriculum and instruction presents its own individual set of
challenges for educators. More specifically, it has the potential to have a disproportionate
effect on students who come from rural or low-income homes (Goldstein, 2020). On the
other hand, when implemented successfully, learning through the use of technology “has
the potential to dramatically expand the educational opportunities of American students,
largely overcoming the geographic and demographic restrictions” that are typically
associated with traditional schooling (Lips, 2010).
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Through the integration of GBL, students will be provided with more robust
autonomy and more frequent opportunities to construct meaning from relevant situations
and social interactions in which they feel more competent, as well as that consider their
individual interests and are related to their sociocultural experiences (Plass et al., 2015).
Rather than simply being fixated on learning in terms of memorization and understanding
of irrelevant chemistry facts, students will be motivated to engage in learning through the
application of chemistry concepts to the real-world, the execution of meaningful activity,
and evaluation of their performance within contexts that are personally significant to
them.
This study asks the following two research questions: (1) How does game-based
learning (GBL) influence the motivation of socioeconomically disadvantaged, rural,
southern, eleventh grade public high school students to learn chemistry curriculum? And
(2) How does game-based learning (GBL) impact the engagement of socioeconomically
disadvantaged, rural, southern, 11th grade public high school students during instruction
within the chemistry classroom?
Methodology and Purpose
According to Machi and McEvoy (2016), a literature review is defined as a
written argument that logically supports a thesis position by building a case based on
credible evidence and a comprehensive understanding acquired through previous
research. Furthermore, the primary purpose of the literature review is to place this
research within an existing knowledge base, provide theoretical context and historical
background for the study, as well as synthesize the current knowledge of the topic, and
lay out a logical case to defend the conclusions it draws (Machi & McEvoy, 2016). In
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addition, the literature review clarifies the need for this particular research and works to
establish the rationale for this study by highlighting the significance of the proposed
research questions (Efron & Ravid, 2013). More specifically in regard to action research
(AR), the literature review guides the conceptual framework that ultimately determines
one’s approach to their study, as well as influences how they collect, analyze, and
interpret data throughout the research process (Herr & Anderson, 2015). In other words,
the literature review is vital because it aims to link theory with practice and connect what
happens in the reality of our unique education settings with the broader knowledge of
teaching and learning (Efron & Ravid, 2013).
In order to develop the literature review for this particular study, a variety of
strategies were utilized to search the literature, including the use of libraries and their
databases, peer-reviewed journals, seminal works, essays, and textbooks. Through
permission granted by the University of South Carolina’s Thomas Cooper Library, the
primary databases used to locate the peer-reviewed journals include Education Source,
ERIC, EBSCO, and JSTOR. In addition to the peer-reviewed literature, select chapters
and essays were used from textbook sources that were acquired during previous graduate
coursework.
Theoretical Framework
According to Jean Piaget (1936), intellectual development is constructed as a
result of two basic tendencies, organization and adaptation. Through these two processes,
learners are able to systematize and combine ideas into functional networks as well as
adjust to their environment in response (Piaget, 1936). As students experience their
environments and interact with the individuals within them, they formulate organized
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patterns of behavior or thought known as schema. However, when new encounters and
experiences take place that do not easily organize themselves into an existing schema,
adaptation through assimilation and accommodation is necessary. In efforts to create a
match between one’s conception of their own schemes and the real-life experiences that
actually occur, students will assimilate the experience into an existing schema or
accommodate an existing schema to integrate a novel experience (Snowman & McCown,
2015). Piaget (1936) believed individuals were motivated to organize their schemes in
order to acquire the best possible adaptation within their environments through a process
he referred to as equilibration.
According to Piaget, children’s natural tendency to interact with their
environment to create and build knowledge of the world around them to solve problems
and ultimately eliminate or reduce disequilibrium is referred to as constructivism
(Ginsburg & Opper, 1988; Yager, 2000). Outside of school, children learn directly and
informally from their explorations of the environment and the individuals they encounter
as a result, therefore the most effective classroom curriculum and instruction replicates
the informal learning processes used within everyday life that occurs beyond the walls of
the institution (Ornstein et al., 2014; Piaget, 1957). As they discover gaps between their
existing schema and the new situations they encounter when exploring their environment,
students reconceptualize their existing knowledge with the novel information to construct
a more complete picture of complex concepts and content (Piaget, 1952).
Although his work was based on Piaget’s idea of the child as an active learner,
Vygotsky is considered as the father of social constructivism (Palinscar, 1998). While
Piaget’s constructivist theory primarily focuses on the stages of child development and
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the individual creation of knowledge, it is ultimately Vygotsky’s theory that highlights
the greater sociocultural context and emphasizes the social and cultural components of
our environments and experiences (Tudge & Scrimsher, 2003). Vygotsky’s theory rejects
the view that the “locus of knowledge” lies within the individual, and instead asserts the
notion that learning and understanding are “inherently social” (Palincsar, 1998). In other
words, “while constructivists see knowledge as what students construct by themselves
based on the experiences they gather from their environment, social constructivists
perceive knowledge as what students do in collaboration with other students, teachers,
and other peers” and uphold the notion that “knowledge develops as a result of social
interaction, and is not an individual possession, but a shared experience” (Akpan et al.,
2020, pp. 50-51).
Furthermore, social constructivists agree that language and culture makeup the
lens through which human beings experience, communicate, and understand reality
(Akpan et al., 2020). Not only did Vygotsky advocate for the essential roles that language
and culture play in the development of human intellect and perception, but he believed
learning is transmitted through language, as well as interpreted and shaped by the
experiences and interactions that take place within our own cultural contexts (Akpan et
al., 2020). With that being said, knowledge construction is the result of our social
interactions with others and therefore cannot be separated from the social contexts in
which those constructs and processes originate from and are applied within (Adams,
2006). From a social constructivist’s perspective, students’ understanding is not only
shaped by their experiences within the physical world but is made culturally meaningful
and significant through language. In addition, social constructivism recognizes the social
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components of learning, the benefit of conversation, students’ unique ways of knowing,
and the application of knowledge as a vital part of the educational process (Schunk,
2012).
One individual's knowledge can never be identical to another person’s because
knowledge is the result of a personal translation and interpretation of experience, which
can be influenced by variables such as age, gender, race, ethnicity, sexual orientation,
religion, culture, personal preference, and prior background knowledge (Snowman &
McCown, 2015). In other words, through social interaction and play, learners are
provided with opportunities to communicate with others and develop an exposure to
perspectives that are different from their own and can then work to modify their own
existing knowledge structures in order to accommodate the multiple perspectives that
they encounter (Azavedo, 2009). When individuals are taught how to use the
psychological tools of their own culture such as language, writing, numbers, and even
chemical formulas as devices and protocols for communicating with and exploring the
world around them, eventually their social interactions with teachers are “internalized as
cognitive processes that are autonomously invoked” (Burton et al., 2009; Gredler &
Shields, 2004; Snowman & McCown, 2015, p. 50). From this perspective, social
interaction is seen as a prerequisite for healthy cognitive development, or in the words of
Vygotsky, only “through others we become ourselves” (Tudge & Scrimsher, 2003, p.
218).
In a social constructivist classroom, the role of the teacher is primarily seen as a
facilitator or guide who provides information and presents activities for learners to
explore and discover their own unique learning (Liu & Chen, 2010). According to Akpan
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et. al (2020), social constructivist pedagogy “shifts the responsibility of knowledge
acquisition from the teacher to the student and also transforms the student from a passive
listener to an active participant and a co-constructor of knowledge among co-learners” (p.
55). In regards to teaching and learning, Adams’ (2006) research highlights five key
principles of constructivist classrooms including a focus on learning rather than academic
performance, viewing learners as active constructors of meaning and knowledge, teacherpupil relationships that emphasize guidance rather than instruction, a desire to engage
learners in tasks that are seen as ends in and of themselves, and the promotion of
assessment as an active process of recognizing and discovering shared understanding (p.
247). Akpan et. al (2020) added that social constructivist teachers are expected to
encourage active participation, collaboration, and cooperation, stimulate student interest,
discourage rote learning methods, as well as highly value student opinion and
contribution, and provide scaffolding support when necessary.
Furthermore, Vygotsky (1978) claimed that students have the ability to significantly
gain from the psychological tools (i.e., language, numbers, chemical formulas) passed
down to them by those who were more intellectually capable and experienced regardless
of whether they were peers of the same age, older students, their immediate and extended
families, or educators. More specifically, Vygotsky defines a student’s zone of proximal
development (ZPD) as the difference between the actual developmental level as
determined by independent problem solving ability and the level of potential
development as determined through problem solving under adult guidance or in
collaboration with more capable peers (Schunk, 2012; Verenkina, 2010). According to
Puntambekar and Hubscher (2005), the ZPD represents the degree of achievable learning
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if a student is given the appropriate curricular and instructional parameters. In other
words, within ZPDs, learners and more knowledgeable others work collaboratively and
cooperatively on tasks that learners could not adequately perform due to the difficulty
level. In addition, students are more likely to successfully navigate their ZPDs and build
upon their learning if they are provided with appropriately leveled scaffolds such as hints,
leading questions, or clues during early phases of instruction.
Pea (1985) and Salomon (1988) were some of the first researchers to suggest that
perhaps technology could play a similar role to the biological MKO using software and
computer programs designed to initially scaffold students and then gradually fading these
supports as students were able to show growth in competency (Cotterall & Cohen, 2003).
As educators, researchers, and technology have grown and improved over the years, we
have increased our understanding and expanded our application of Vygotsky’s ideas
within the technological realm (Roth & Lee, 2007; Yelland & Masters, 2007).
More contemporary proponents of constructivist learning suggest that students
learn most successfully and effectively through active exploration of their environments
in which they construct their own conception of reality based upon their direct
experiences with the individuals that they encounter and with whom they interact.
(Snowman & McCown, 2015). Similar to social constructivism, a progressivist education
philosophy emphasizes the free and natural development of students, interest motivated
by direct experience as the best stimulus for learning, the teacher serving students as a
facilitator of knowledge or guide rather than a one-way transmitter of facts, as well as
close cooperation and collaboration amongst other students in the classroom to expand
and build upon their knowledge base (Ornstein et al., 2014). In other words, for both
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progressives and social constructivists, curriculum and instruction should be shaped by
student collaboration and individual interest, rather than predetermined subject material.
Leading progressive theorist and pragmatist John Dewey (1897) believed that to
“repress interest” is to replace the child with an adult, and therefore weakens intellect,
curiosity, and awareness as well as reduces initiative and deadens interest (p. 80).
Furthermore, he promoted the idea that children are socially active human beings and
should be provided with opportunities to make and do things based on their own interests,
are eager to explore their environment, will encounter personal and social problems as a
result of this interaction, and that these problems ultimately motivate students to search
for solutions and expand upon their current set of experiences (Dewey, 1902). Ultimately,
Dewey (1897) asserted that human beings are biologically social organisms that use their
responses and impulses to promote their growth and development. In other words, every
organism is situated in their surroundings, as individuals interact with their environments
an experience results, and from these experiences learners can construct a functional
network of information that they can use to solve problems they encounter throughout
their lives. In promoting the experiences that contribute to optimum human growth,
advocates of progressive education assert that a students’ interactions with their
biological and sociocultural environments give rise to the processes of living, growing,
and developing (Ornstein et al., 2014).
According to Ryan and Deci (2000a), motivation concerns aspects such as
“energy, direction, persistence, equifinality, activation, and intention” (p. 69). Perhaps
most importantly, “in the real world motivation is highly valued because of its
consequences: motivation produces” (Ryan & Deci, 2000a, p. 69). When people are
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performing at their best, based on their research Ryan and Deci (2000a) claimed that
humanity is represented by individuals who are interested, curious, and self-motivated, as
well as inspired in their learning and working to expand themselves, master novel skills,
and utilize their abilities within the real world. However, regardless of social status,
economic class, or cultural background, examples of students who are not functioning
optimally and are “apathetic, alienated, and irresponsible are abundant” (Ryan & Deci,
2000a, p. 68). In efforts to focus on the environmental conditions that “facilitate versus
forestall” the process of motivation, Ryan and Deci’s (2000a) self-determination theory
(SDT) empirically identifies three innate needs that “appear to be essential for facilitating
optimal functioning of the natural propensities for growth and motivation, as well as for
constructive social development and personal well-being”, including competence,
relatedness, and autonomy (p. 68). According to Ryan and Deci (2000a), SDT is not only
an approach to human motivation and personality that attempts to shed light on the
importance of these three innate and inherent needs, but also considers the “design of
social environments that optimize people’s constructive social development,
performance, and personal well-being” (p. 68). Self-determination theory argues that
“motivation cannot be viewed as a dichotomy of intrinsic and extrinsic factors but that it
operates in a continuum to satisfy the innate need for competence, autonomy, and
relatedness” (Plass et al., 2015, p. 269) In other words, curriculum and instruction should
provide students with choice and autonomy in selecting appropriately leveled tasks that
activate their prior knowledge, relate to their own personal interests, and present them
with challenges that scaffold and set them up for success. Based upon their results, Ryan
and Deci (2000a) ultimately concluded that when these three primary needs of
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competency, relatedness, and autonomy were met, it led to increased motivation, while
their absence led to significant decreases in motivation. Similar to Ryan and Deci (2000a,
2000b), social constructivists believe that the most efficient means of preparing students
to successfully function in real-life contexts is to present tasks embedded in similar
contexts that require them to work closely alongside others in order to achieve a common
goal (Jonassen et al., 2008). Furthermore, social constructivists also encourage engaging
in behaviors such as allowing student choice, encouraging students to work at their own
pace, providing opportunities to speak, listening to student requests, and being responsive
to student questions, all of which can help teachers in promoting student autonomy and
control of learning within contexts that are familiar and personally significant to them
(Snowman & McCown, 2015).
Csikszentmihalyi (1990) described the optimal experience as “those occasions
where we feel a sense of exhilaration and a deep sense of enjoyment” that are typically
brought about when a person is mentally and physically stretched in their efforts to
accomplish goals that are challenging, difficult, or worthwhile (p. 1) According to
Csikszentmihalyi (1988), engagement is more likely to occur as a result of wholehearted
participation in accomplishing a task or completing an activity that is personally
significant or relevant to the individual student. In other words, regardless of whether
students’ behavior is extrinsically motivated by external incentives like rewards and
points, or intrinsically invested through personal or situational interest, relatedness of
information, autonomy in learning, or competence in their ability, GBL seems to have a
unique capacity to adapt and cater to the different ways in which students can be
encouraged and motivated to authentically engage in their learning. Csikszentmihalyi
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(1975) defined flow and describes engagement as a mental state characterized by intense
concentration, sustained interest, and enjoyment of challenge that results in complete
absorption and lost track of time. Csikszentmihalyi (1990) believes that “the shape and
content of life depends on how attention has been used” and that “attention is our most
important tool in the task of improving the quality of experience” (p. 2). Further,
Csikszentmihalyi and Rathunde (2005) found that students enrolled in educational
programs that take advantage of factors influencing individual interests of students report
higher levels of engagement, more energetic experiences, and greater intrinsic
motivation. Plass et al. (2015) stated that high quality gaming experiences aim for the
sweet spot that falls within students’ ZPDs in which they will encounter appropriately
leveled challenges that they are able to overcome, noting that “when there are too many
demands, options, challenges, we become anxious” and “when there are too few, we get
bored” (Csikszentmihalyi, 1990, p. 7). Gaming provides players with many of the major
components of enjoyment identified by Czikszentmihalyi (1990). These components
include reasonable chance of completion, clear goals, immediate feedback, sense of
control over thoughts and actions, as well as “deep but effortless involvement that
removes from awareness the frustrations and worries of everyday life” and the “alteration
of the concept of time” (p. 3) in such a way that it feels as if hours can pass by in
minutes.
Similar to motivation, engagement is considered a subjective experience, which
can therefore present various challenges in measurement (Giovanni, 2012). According to
Jackson et al. (2008), the most common methods for qualitatively measuring motivation
and engagement, as well as obtaining data that is rich in narrative include conducting
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interview questionnaires (Nakamura & Csikszentmihalyi, 2014), self-report
questionnaires (Nakamura & Csikszentmihalyi, 2009), and experience sampling through
journaling or keeping a diary (Csikszentmihalyi et al., 1977).
According to James Paul Gee (1989), a discourse can be defined as a “socially
accepted association among ways of using language, of thinking, and of acting that can
be used to identify oneself as a member of a socially meaningful group or a social
network” (p. 1). In other words, we can think of a discourse as an “‘identity kit’ that
comes complete with the appropriate costume and instructions on how to act and talk so
as to take on a particular role that others will recognize” (p. 1). More specifically, “from a
social constructivist perspective, discourse is the primary symbolic, mediational tool for
cognitive development” (Palincsar, 1998, p. 361). For example, the discourse of the
participants found within this particular study can be primarily described with terms such
as American, Hispanic, Black, White, high school students, working class or lower
socioeconomic status, marginalized, rural, and career technical education (CTE) oriented.
Gee (1989) asserted that the discourse of “children from non-mainstream homes” (p. 8)
such as the ones that I encounter during my practice not only mismatches with the
discourse of their secondary education but is oftentimes found to be directly oppositional
and conflict with the discourses experienced within their own sociocultural and family
lives. In addition, most of the students I teach are actively pursuing career technical
education (CTE) pathways and are therefore enrolled in programs such as automotive and
collision repair, cabinetry and carpentry, agriculture, culinary, business and marketing,
mechatronics, human and health services, cosmetology, welding, and technology repair.
With that being said, Gee (1989) would suggest that most of my students are gaining
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knowledge within these natural settings through acquisition, or a “process of acquiring
something subconsciously by exposure to models and a process of trial and error, without
a process of formal teaching,” rather than through learning, which is a “process that
involves conscious knowledge gained through teaching” and provides “explicit
explanation of sequential steps and the breakdown of analytic parts” (p. 4). Furthermore,
Gee (1989) recommended focusing on acquisition in “non-traditional” and “natural”
settings that reach beyond the walls of the classroom rather than learning in “traditional
classroom settings” when teaching “non-mainstream children” mastery within a
particular discourse (p. 4). According to Gee (1989), particular discourses concern
themselves with “certain objects and puts forward certain concepts, viewpoints and
values at the expense of others” (p. 2). It is safe to say that one of the primary objects my
students tend to concern themselves with most as a result of their sociocultural and
unique personal discourses happens to revolve around the technology and smart devices
they use to navigate the discourses in their lives, whether that be a phone, a lap-top,
computer, tablet, television, a game system, or a combination of these items. Adams
(2006) claimed that when students are provided with sociocultural contexts for tasks that
extend to personal and social life outside of the classroom as well as connects to their
broader and more personal agendas, school learning evolves into something that is more
transferrable, as it becomes part of their “social milieu” (p. 251).
According to Shaffer et al. (2005), most definitions of GBL tend to emphasize the
notion that the activity must include some form of game play with defined learning
outcomes and that play should ultimately be the essential characteristic found within the
game, as research has proven over time that play is a crucial element of human
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development (Piaget, 1936). Furthermore, Piaget (1962) believed play “as being integral
to, and evolving with, children’s stages of cognitive development” (as cited in Plass et al.,
2015, p. 259). More specifically, Salen and Zimmerman (2004) defined a game as “a
system in which players engage in an artificial conflict, defined by rules, that results in a
quantifiable outcome” (p. 80). Another similar idea, gamification, recommends the use of
game elements such as incentive systems and leaderboards in such a way that it motivates
students to “engage in a task they otherwise would not find attractive” (Plass et al., 2015,
p. 259). As previously mentioned, quality games are not too easy or too hard, but should
fall within students’ ZPDs and attempt to aim for the “sweet spot” where players will
struggle yet succeed, which has frequently been described as achieving a “state of flow”
(Csikszentmihalyi, 1990; Plass et al., 2015; Vygotsky, 1978).
Plass et al. (2015) asserted that games which create effective learning
environments increase student motivation through the creation of high situational interest
and provision of incentive structures. In addition to cognitive elements, high quality GBL
enhances player engagement both emotionally within the characters and their storyline as
well as socioculturally through collaborative play and problem solving with others.
Authentic GBL environments are also highly adaptive and flexible with the ability to
engage each learner in a way that reflects his or her specific situation that resembles their
personal interests and current level of knowledge and cognitive ability (Plass et al.,
2015). Hoffman and Nadelson (2010) further showed that games provide students with
the opportunity to experience graceful failure, as the relaxed consequences of failure in
games encourage students take more risks, more easily try new things, become more
willing to explore their surroundings, learn from their mistakes, and persevere through
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multiple attempts. In addition, most games today are programmed in such a way that they
are adaptive to individual levels of play and have the ability to respond to struggling
players by decreasing difficulty level, providing scaffolds in the form of clues, hints, or
additional lives or attempts to assist, as well as online communities or external guides
that can offer advanced help and support for players.
Plass et al. (2015) argued that “games are a complex genre of learning
environments that cannot be understood by taking only one perspective of learning”, but
are instead related to “cognitive, affective, motivational, and sociocultural foundations”
(p. 258). From a cognitive perspective, the playful learning that results from games is not
only considered more transferable to contexts outside of school but it also provides
students with situational learning opportunities within meaningful and relevant contexts
(Plass et al., 2015). Games have a unique ability to activate and accommodate existing
schemas in ways that “allow children to transcend their immediate reality” thereby
increasing children’s objective mental capacity to hold “multiple representations of the
same object” as well as analyze “conflicting representations of reality” (Plass et al., 2015,
p. 259). According to Gee (2003), examining GBL through a motivational lens tends to
focus upon the ability of games to engage players through the provision of experiences
that they enjoy and therefore want to continue to pursue as well as considering learners’
intrinsic reasons for playing games such as drive, interest, and goals or extrinsic reasons
such as leaderboards or incentives like rewards, badges, points, and upgrades.
Socioculturally speaking, GBL recognizes learning as a socially motivated and
constructed phenomenon (Bandura, 2002). Not only do games present students with the
opportunity to socially engage with others, but they also provide the contexts in which

42

peers social interactions have the potential to enhance learning (Squire, 2011). According
to Plass et al., (2015), learning designs that include sociocultural components and goals
create opportunities for cultural and social variables to positively influence learning by
creating meaningful and socially supported contexts as well as relate with learners’
abilities to participate within groups and apply their collective knowledge together. In
other words, games are considered to be “social spaces when their designed and
expectations allow players to feel that they are a part of a community and can participate
in actions and decisions” (Plass et al., 2015, p. 274). As students interact with each other
throughout gameplay, connecting with others during the game as well as in real life (IRL)
in a way that encourages decision making leads to increased student engagement,
satisfaction, autonomy, and the desire to replay (Ryan et al., 2006). Furthermore, the
ubiquity of the internet and mobile devices such as phones, computers, tablets, and game
consoles has resulted in the creation of a mass of games, applications, programs, and
other types of interactive data that can be virtually accessed from anywhere at any point
in time by anyone (Squire, 2010).
Historical Perspectives
In 1897, John Dewey first suggested the idea that rather than being subject to a
homogenous treatment of traditional disciplines, education must originate within the
child’s capacities using their preferences, interests, and habits. Furthermore, he claimed
that for the curriculum and instruction within the schools to neglect the individual was to
“weaken intellectual curiosity and alertness, to suppress initiative, and to deaden interest”
(Dewey, 1897). Similarly, in response to the Committee of Ten’s Report (1893), “the
father of American Psychology” G. Stanley Hall (1904) argues for more differentiated
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instruction, for building on students’ enthusiasms, and for avoiding the dominance of
college preparation curriculum in the life of high schools” (as cited in Fraser, 2014, p.
152). In regard to how teaching and learning should take place within the classroom,
Dewey (1902) felt that traditional pedagogy and teacher-centered curriculum that solely
emphasized subject matter, the teacher ends up being the primary focus and the students
remain inactive in the process. As a result, he argued in opposition that content must
ultimately be presented in an active and engaging manner that provides the student with
an opportunity to relate new knowledge with their prior life experiences (Dewey, 1902).
In support of this notion, Hall (1904) prophetically claimed the rather constructivist idea
that every individual has their unique way of approaching concepts because each mind
“not only has, but is, its own method” (as cited in Fraser, 2014, p. 155).
In 1918, the National Education Association published their Cardinal Principles
of Secondary Education, recommending a highly differentiated secondary school
curriculum when compared to the limited list of subjects presented by the Committee of
Ten. In efforts to reorganize and refocus high school curriculum, the National Education
Association (1918) suggested recognizing the individual differences, capacities, and
aptitudes among secondary school students, emphasizing the application of content
knowledge to other activities of life, and capitalizing on student interest as well as
directing that interest as wisely as possible. Most importantly perhaps, this document
claimed that “education in a democracy should develop in each individual the knowledge,
interests, ideals, habits, and powers whereby he will find his place and use that place to
shape both himself and society toward ever nobler ends” (National Education
Association, 1918).
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As the first half of the century ended and the predominating progressive education
movement concluded along with it, the Soviet Union launched Sputnik into space in
October of 1957, and eventually the United States began to feel as if it were “raising a
new generation of Americans that is scientifically and technologically illiterate”
(National Commission on Excellence in Education, 1983). During his report, A Nation at
Risk (1983), President Ronald Reagan highlighted a steady decline in science
achievement scores of seventeen-year-olds according to national assessment
measurements from 1969, 1973, and 1977. Furthermore, collegiate achievement tests
showed continual declines in science subjects on College Board examinations (Fraser,
2014). In response to these alarming data, Reagan implored us to “dedicate ourselves to
the reform of our educational system for the benefit of all – old and young alike, affluent
and poor, majority and minority” as it is clear that “knowledge, learning, and skilled
intelligence” as well as “moral strength” are an “indispensable investment required for
success in the information age we are entering” (National Commission on Excellence in
Education, 1983). No longer would we lay witness to a “growing chasm between a small
scientific and technological elite and a citizenry ill-informed” developing within our
society (National Commission on Excellence in Education, 1983).
According to Barak (2017), in recent years, “experts in science education and
policy makers have emphasized the need for advancing science and technology.” After
adopting the Common Core Standards Initiative in 2010 for English language arts and
mathematics, the independently-developed Next Generation Science Standards (2013)
were created in alignment for synchronous use alongside these standards during the
curriculum and instruction sequence. Originally, the NGSS are based on A Framework
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for K-12 Science Education (2012) developed by the National Academy of Sciences, the
primary goal of which is for students to have gained an appreciation of the beauty and
wonder of science, how it relates to their everyday lives, and how it can potentially
become an integral and beneficial part of their future career (NGSS Lead States, 2013;
National Research Council, 2012). Similar to the ways in which this particular study
posits chemistry education, the framework (2012) claims that science education in the
United States focuses too heavily on breadth of content and therefore neglects the depth
of topics, emphasizes discrete facts rather than complete ideas, and lacks opportunities
for students to engage with and experience how science is done in the real world. In
efforts to overcome these obstacles and support all students’ meaningful learning, the
Next Generation Science Standards (2013) suggested a more holistic approach to
teaching science that is “rich in content and practice” using devices such as projects,
experiments, and technology as a means of diving deeper into content using fewer topics.
In addition, these new guidelines encourage developing science literacy and promoting
technology education through the use of social constructivist methodologies such as
placing an emphasis on student-centered instruction and collaboration (NGSS Lead
States, 2013: NRC, 2012). Even more recently, in its 2015 reauthorization, the Every
Child Succeeds Act identified “students in poverty” as one of four key groups that
deserve special attention in regard to fostering performance and achievement. In addition,
emphasizing the importance of creating enthusiasm for learning, engaging all students in
the classroom, integration of technology, and preparing all students for the future with
twenty-first century skills were considered top priorities in the information age of
globalization (Fraser, 2014).
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Social Implications
Traditionally, students from working-class and socioeconomically disadvantaged
backgrounds do not perform as well in the classroom when compared with middle and
upper-class students (Orstein et al., 2014, p. 315). More specifically, students from highly
concentrated urban areas and smaller rural populations such as the one examined in this
study tend to experience more poverty on average and have “little hope of improving
their economic and social situations” (Ornstein et al., 2014, p. 316). According to Ann
Bastian et al. (1985), we have “catastrophically failed” to provide a decent education and
adequate citizenship skills to low-income students. As an educator at a Title I
government-funded high school, I believe a sufficient education and the satisfactory
development of citizenship skills starts by first focusing on who the individual learner is.
Maria Montessori stated that the “social liberty” of learners should be considered “the
guiding principle of scientific pedagogy,'' and should ultimately emphasize the “interests
and abilities of individual students” (as cited in Flinders & Thornton, 2017, p. 8). In
addition to the proponents of the progressive education movement, learner-centered
education advocates believe that the work of Dewey and others supports much of their
viewpoints in a similar manner (Fraser, 2014). According to his philosophy, children and
not subjects should be the focus of teaching, school subjects should reflect their own
habits and preferences, children learn by doing, and learning is most efficient when
students actively engage and explore in realistic problem solving contexts as a result of
their own interest and motivation (Fraser, 2014). Learner-centered pedagogies, consider
the needs and interests of students as the first and foremost priority, and as a result
individuals have the “freedom to develop naturally, to be spontaneous, unselfconscious,”
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and to be “the agents of their own learning, growth, and education” throughout the
process (Rugg & Shumaker, 1928).
In the name of individualism, the student will define instruction within the
proposed intervention of this study, which plans to take advantage of the participants’
love for technology and enthusiasm for playing digital games and applications on their
devices, where they are able to work alongside others to accomplish a common goal and
socially develop alongside their peers. Furthermore, it is considered the responsibility of
the teacher to design engaging learning experiences that do not attempt to
compartmentalize knowledge, but “naturally integrate content in holistic ways” that allow
students to work with their “own hands, mind, and heart” in a manner that personally
involves them (Schiro, 2013). More specifically in regard to science education,
particularly in learning chemistry, low achievement and negative attitudes have been
reportedly more common amongst students who come from lower socioeconomic status
backgrounds. As a result, it is strongly recommended for science teachers to consider
students’ wishes for learning and utilize methods that are preferred by most of the
individual learners similar to the way in which this study proposes (Kousa et al., 2018;
Mujtaba et al., 2018).
Not only did Vygotsky (1978) and Dewey (1948) both claim that children make
meaning and construct knowledge through social interaction within their environments,
but they believed that students continuously reconstruct existing meanings as a result of
new experiences and the individuals they interact with. With that being said, the proposed
intervention in this study specifically focuses on the impacts of game-based learning
(GBL), and how exactly it influences the motivation and engagement of a
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socioeconomically disadvantaged, rural, and southern population of high school students.
According to Ornstein et. al (2014), over the past half century a large amount of research
has been focused on “understanding and overcoming” the deficiencies of low-achieving
students who come from working class or socioeconomically disadvantaged families in
particular (p. 323).
Related Research
According to Broman et al. (2011), chemistry education is currently in a crisis.
Our students do not seem to find chemistry content relevant, meaningful, or significant
enough to evoke motivation for learning. For this reason, the development of new and
engaging curricula that genuinely interests students in the field of chemistry has proven
to be quite challenging. During this qualitative study, 370 upper school students along
with 18 teachers were given a questionnaire in which they were provided with the
opportunity to express their own ideas on how to make teaching and learning in
chemistry more interesting. Results show that most students found chemistry as a subject
to be rather inconsistent in regard to difficulty as well as primarily taught through
teacher-centered lessons. Furthermore, both teachers and students’ survey results strongly
recommended the integration of more active work, incorporation of technology, and
increasing the frequency of relevant connections to everyday life.
In a separate qualitative study by Broman and Simon (2015), a survey was used to
investigate 495 students’ ideas regarding how to improve chemistry education,
specifically on how to make it more interesting and personally relevant. Results included
both positive and negative responses about their perception of chemistry education, as
well as the role of the teacher, and the structure of lessons. It was found that even when
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students report being satisfied with their chemistry education, most suggest increasing
student choice and autonomy within the curriculum. In addition, the majority of the
participants recommended making lessons more student-centered, more practical, and
more relevant to everyday life.
According to Kousa et al. (2018), learners from socioeconomically disadvantaged
backgrounds more commonly experience low achievement in the subject of chemistry as
a result of negative attitudes towards both learning chemistry and chemistry teaching
methods. The purpose of this quantitative study was to identify and determine the
underlying factors causing low-achieving attitudes toward the subject of chemistry, as
well as investigate the more preferred teaching methods amongst students. Empirical data
obtained from the stratified sampling of approximately 900 secondary students suggest a
lack of fondness for teacher-centered, traditional teaching methods. The most preferred
teaching methods for the lower achieving group include the use of projects that require
visiting companies, institutes, museums, and exhibitions, incorporation of technology and
visual learning, as well as integrate working in groups. Low-achieving learners report
wishing their teachers would listen to and respect their suggestions for teaching methods,
express more concern for their individual interest, and explain concepts in a language that
they can understand.
Research by Mujtaba et al. (2018) suggests that fewer and fewer students from
disadvantaged backgrounds are electing to enroll in chemistry classes and continue to
study chemistry after compulsory education. The purpose of this mixed methods study is
to investigate students’ attitudes towards science, interest in chemistry, perceived utility
of chemistry, as well as their motivational beliefs and confidence in their own ability, and
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how these factors have associated with chemistry teaching methods. After surveying
4,780 socioeconomically disadvantaged secondary students, it was found that teaching
methods which explained the applications of chemistry may be associated with intrinsic
and extrinsic motivational factors. Results show that teaching approaches should provide
this demographic of students with the opportunity to take part in hands-on practical
lessons, engage with science activities outside of the school, incorporate technology, and
be shown how chemistry relates to their everyday lives.
Kotkas et al. (2016) conducted a mixed methods study to investigate what
teaching and learning materials (TLMs) specifically promote intrinsic relevance,
motivation, and engagement within the realm of science education. Following
conventional content analysis of 88 TLMs developed by over 124 science educators, it
was found that the most engaging lessons integrate the use of technology and are
typically introduced in the form of question or initial hook. Furthermore, when students
felt the topic personally impacted them in some way, there was a greater chance for
students to be motivated and the TLM to be considered relevant. In addition, it was also
found that materials which took advantage of the connections between IRL were
necessary and beneficial in motivating students to learn, increasing performance, and
engaging their interest.
According to Sriswasdi and Panjaburee (2019), “chemistry is often regarded to be
a difficult subject area” that “most students often experience a gap between the abstract,
difficult chemical concepts that they learn at school and they world they live in” (p. 152).
In addition, the challenging nature of chemistry can be attributed to factors such as
curriculum content, overload of students’ working memory space, motivation, language,
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and communication (Srisawasdi & Panjaburee, 2019). Furthermore, relatively few studies
have attempted to investigate the impact of game-based learning on curriculum and
instruction within the subject of chemistry. This research applies game-based learning in
order to explore states of matter, explain how the properties, behavior, and composition
of liquids pertains to aspects of everyday phenomena that occur IRL, and examine the
impact of GBL on student understanding and motivation to learn chemistry. After
comparing students who learned through traditional curriculum and instruction with those
who were subject to game-based learning, the authors concluded that the results “support
the notion that student can better comprehend chemistry concepts through a computer
game” as well as provide “support of students’ motivation to learn chemistry”
(Srisawasdi & Panjaburee, 2019, p. 152).
Sakrisathaporn and Sribunthankul (2019) believe that many high school students
find learning chemistry to be difficult as a result of a variety of factors including limited
lesson and study time as well as having to participate in extra-curricular activities or
perhaps jobs that keep them rather busy outside of regular school time. As a way to
combat secondary students’ hectic schedules, the authors suggest that game-based
learning provides an enjoyable form of self-learning for students as long as they are at the
appropriate difficulty level, attractive, and challenging. This study specifically reviews a
smartphone based learning game that consists of three separate stages in which players
must work together to solve a mini-puzzle with different objectives and goals to be
accomplished at each stage. Sakrisathaporn and Sribunthankul’s (2019) data shows that
ninety-six percent of students reported enjoying playing the game, eighty-seven percent
commented that the game was challenging, and ninety-four percent of students
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experienced remembering more content than they did prior to playing the game.
Furthermore, a satisfaction questionnaire that was used at the conclusion of the study
shows that most students found the game to be interesting, playable, motivating, and
aiding in memorization.
In order to teach high school students how to properly identify and name covalent,
ionic, and metallic compounds, Gupta (2019) had her students play Molebots, a firstperson-shooter videogame focused on chemical nomenclature. During gameplay, students
have to use a map in order to find various molecules and are provided with a laser gun for
shooting the ones that are correctly named. The goal of the game is to shoot and capture
as many correctly named molecules as possible. As players capture more and more
molecules, they are able to level up and advance to more challenging maps with
increasingly complex molecules. Based on a combination of post-test scores and student
responses, Gupta (2019) concluded that students who played Molebots found the
videogame to be an effective tool for learning the names of chemical compounds. Not
only did the students who played the game prefer visual and game-based learning
methods, but they were able to demonstrate that they retained the information for a longer
period of time when compared with those who were taught using more traditional
alternatives (Gupta, 2019).
Summary
The problem of practice (PoP) in this study focuses on my challenges in
developing authentic motivation and fostering quality engagement amongst my
socioeconomically disadvantaged students in the high school chemistry classroom. The
purpose of this study is to identify what types of games primarily influence the
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engagement and motivation of my students, as well as to analyze the effects of a gamebased learning intervention that is ultimately situated within the individual interests and
draws from the real-life sociocultural experiences of my socioeconomically, rural, and
southern group of high school students. The primary purpose of this literature review is to
place this particular research within an existing knowledge base, provide theoretical
context and historical background for the study, as well as synthesize the current
knowledge of the topic, and lay out a logical case to defend the conclusions it draws
(Machi & McEvoy, 2016).
According to Vygotsky and his theory of social constructivism, meaningful
learning occurs when students are provided with the opportunity to construct their own
knowledge and create new ideas as a result of their social interaction and negotiation with
others (Snowman & McCown, 2015). Leading progressive theorist and pragmatist John
Dewey (1897) believed that to “repress interest is to replace the child with an adult, and
therefore weakens intellect, curiosity, and awareness as well as reduces initiative and
deadens interest” (p. 80). In other words, if students are not interested, they most likely
will not be motivated to learn new information or engage in the task at hand. Ryan and
Deci (2000a; 2000b) claim that motivation arises when three innate needs including
autonomy, relatedness, and competency are prioritized and fulfilled. With that being said,
when students are provided with choice and control within their schoolwork, academic
content is related to their own unique interests and sociocultural lives, and they feel
competent when working with appropriately leveled curriculum and instruction, students
are “optimally functioning their natural propensities for growth, constructive social
development, and well-being” (Ryan & Deci, 1989, p. 68). Furthermore,
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Csikszentmihalyi (1990) believes that when students are provided with an “optimal
experience”, they begin to feel a “sense of exhilaration and a deep sense of enjoyment”
that leads to an “effortless involvement” described as a “state of flow” (p. 1-3). Not only
does current research attest to the detriment of traditional approaches to curriculum and
instruction within the chemistry classroom and when working with non-mainstream
students (Broman et al., 2011; Broman & Simon, 2015; Gee, 1989; Kousa et al. 2018;
Kotkas, 2016; Mujtaba et al. 2018), but it also reflects the positive student outcomes
produced by matching the sociocultural discourses of our students through the
incorporation of technology and integration of GBL methods in chemistry curriculum and
instruction (Baleman & Keskin 2018; Gupta, 2019; Jung et al., 2017; Lasker 2017;
Mahaffy, 2012; Saksrisathaporn, K. & Sribunthankul, P. 2019; Seery, 2015; Sivia et al.,
2019; Srisawasdi, N. & Panjaburee, P. 2019; Vanhala, 2018). Most importantly perhaps,
John Dewey (1916) felt that students and not subjects should be the focus of teaching,
school subjects should be integrated through active learning where students have the
opportunity to work together, and learning is most efficient when students are motivated
and authentically engage and explore in relevant problem solving contexts as a result of
their own unique interests and autonomous choices (Fraser, 2014).
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CHAPTER THREE
RESEARCH METHODOLOGY
The problem of practice (PoP) addressed in this study first evolved as a result of
the daily absence of motivation and engagement that I visibly observed amongst the
students in my high school chemistry classroom. As a result of my observations, I have
continued to ask myself the following question: How do I translate this traditional version
of chemistry that I know and love, into an entertaining and engaging version of chemistry
that motivates my students to learn concepts that they otherwise would not care to
concern themselves with? In this particular study, my primary research goal focused on
highlighting the factors that have an impact on the motivation and engagement of my
socioeconomically disadvantaged secondary students to learn chemistry concepts through
the application of game-based learning principles. This study first determined the primary
reasons that secondary students are motivated to engage in the act of playing video
games, as well as identified the ideal video game environments that can be used for
facilitating this curriculum and instruction intervention within the high school chemistry
classroom. By teaching novel and unfamiliar chemistry content through a familiar and
relatable video game context, the primary purpose of this research is to analyze how a
GBL intervention influences both the motivation and engagement of the participants.
In a recent interview, Dr. Peter Mahaffy, Professor of Chemistry at The King’s
University in Alberta, Canada, asserts that there are three main challenges for future

56

chemistry educators (Mahaffy, 2012). To make chemistry relevant to the lives of
students, to promote active and engaged learning by students, and lastly to direct
chemical education to serving all human beings, not just our future scientists and
academic professionals. Using her PhD thesis to explore both student and teacher
perspectives and opinions on teaching and learning chemistry, Karolina Broman found
that many students do not find chemistry relevant or meaningful enough, which has led to
numerous challenges in the development of engaging curricula (Broman, 2011). More
specifically for socioeconomically disadvantaged students, Mujtaba (2018) discovered
that successful teaching approaches when working with this demographic of students aim
to provide more frequent opportunities to take part in hands-on practical lessons, engage
with science activities outside of the school, experience the incorporation of technology,
and be shown how chemistry relates to their everyday lives. According to research
carried out by Srisawasdi and Panjaburee (2019), it was not only evident that GBL
supported student motivation to learn chemistry, but they also found that students who
learn through games could potentially more effectively understand chemistry when
compared with groups taught using traditional methods. Furthermore, Sakrisathaporn and
Sribunthankul’s (2019) results indicate that GBL provides busy secondary students with
an enjoyable method of self-learning that was shown to enhance memorization ability
when compared with students from groups who were taught traditionally.
Research Design
At the most foundational level, this AR-based study is within the realm of applied
science, more specifically embedded within the field of education and situated in the
context of my local practice. The primary purpose of this research was to better
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understand and serve an underrepresented and marginalized population of
socioeconomically disadvantaged, non-mainstream, rural secondary students by
“enhancing the quality of practice of a particular discipline,” more specifically, my
curriculum, instruction, and pedagogy within the high school chemistry classroom (Herr
& Anderson, 2015). At its core, this study was most interested in exploring and
discovering how individuals construct, interpret, and derive meaning from their
individual, unique, and personal experiences within their sociocultural contexts. In other
words, how people make sense of their surrounding worlds and the experiences they have
with the individuals within it (Merriam & Tisdell, 2016). With that being said, this study
assumed the perspective that knowledge and truths are waiting to be created and socially
constructed by the participating individuals, rather than predetermined and sitting out
there waiting to be discovered. Therefore, a qualitative disposition and research design
was chosen for this particular study as the vehicle for exploring what my students believe
about the nature of their reality.
Personally and professionally, I hold an interpretivist and constructivist
worldview that heavily influenced this action-research based qualitative case study
(Chilisa, 2020). I ultimately believe that there is no single reality, and that the knowledge
gained within this study will be constructed from students’ social interactions and
personal experiences that take place throughout the duration of my research. In addition,
this study assumed a postmodernist perspective where there is no single, individual truth,
but rather multiple truths or interpretations of singular events (Merriam & Tisdell, 2016).
Under this philosophical umbrella, each individual within the case study contributed their
partial view of reality in hopes of potentially piecing together a translucent lens that we
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can then use to get a clear view of the bigger picture. This single case ultimately
consisted of myself, the teacher-researcher, along with four to six student participants
who were selected from my first block chemistry class, which served as the case study
pool.
Prior to beginning the intervention embedded within this AR-based qualitative
case study, a questionnaire and initial digital interview were used to find out more about
my student’s daily habits and explore the lived sociocultural experiences of my students
in order to discover what types of games they are currently interested in, why exactly it is
that they play, and how often they find themselves playing. After these factors have been
identified and the variables in question have been further explored, the chemistry video
games that will be used for the GBL intervention will be selected based on students’ own
preferences and interests. As the case study players game throughout the duration of the
study, they will be observed, reflect in their journal on a weekly basis following each of
their gaming sessions, as well as have a face-to-face group interview with the teacherresearcher at the conclusion of the study.
Purpose Statement and Research Questions
The purpose of this study was to examine the effect of a GBL intervention. In
order to combat the lack of motivation and engagement that I noticeably observed
amongst my socioeconomically disadvantaged, rural, and southern 11th grade high
school students in the traditional chemistry classroom and laboratory setting, an
alternative, student-centered GBL intervention was developed and implemented over the
course of a six-week study in which five total digital chemistry videogames were played
and incorporated into my curriculum, instruction, and pedagogy and integrated within
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weekly units in order to cover a wide range of state mandated chemistry standards. These
games include U.S. Army Stars: Elements - Atom Builder, U.S. Army Stars: Elements –
Smashbond, BondBreaker, My Molecularium, and ChemCaper Act I: Petticles in Peril.
This study plans to investigate the following two research questions:
1. How does game-based learning (GBL) influence the motivation of
socioeconomically disadvantaged, rural, southern, 11th-grade public high school
students to learn chemistry curriculum?
2. How does game-based learning (GBL) impact the engagement of a
socioeconomically disadvantaged, rural, southern, 11th-grade public high school
students during instruction within the chemistry classroom?
Phase #1: Description of Sampling Methodology and Selection of Participants
This study took place in the temperate and mountainous southeastern pocket of the
state of Tennessee. More specifically, this research study was conducted within my
chemistry classroom at the rural, Title I government-funded public high school where I
currently practice. Demographically speaking, out of just under two-thousand total
students, about 65% are considered socioeconomically disadvantaged and therefore
qualify for free and reduced lunch (Tennessee Department of Education, 2020). In
addition, the population from which the participants will be sampled from and selected
for participation in the study is predominately White (88.1%) with a limited presence of
African American (4.6%), Hispanic (6.2%), and Asian (0.8%) subpopulations ranging in
age from 15-18 years old (Tennessee Department of Education, 2020). This underserved
demographic of students is mostly made up of individuals who are primarily interested
and enrolled in career technical education (CTE) pathways in school. Not only do most of
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my students have jobs or play sports after school, but many of them are responsible for
assisting their families financially as well as are often relied on for caring after siblings at
home while parents are away at work for extended hours. In reference to Gee’s (1989)
theory of literacy and the creation of identity, my students’ discourses can most
accurately be described with categories such as American, Hispanic, Black, White, young
adults, secondary students, working class, lower socioeconomic status, marginalized,
non-mainstream, rural, and CTE oriented. With that being said, the students sitting in my
classroom lead busy lives, and while many do choose to move on to colleges or
universities for postsecondary education, the majority typically desire to go on and
pursue a certification from a technical, vocational, or trade school, as well as continue
employment at their current job or navigate themselves directly into the workforce
following graduation.
At our school specifically, these students can choose to major from a wide range of
CTE focus areas and award winning programs such as agriculture, automotive repair and
technology, cell phone repair and technology, culinary and hospitality, cabinetry,
cosmetology, human and health services, recreation and outdoor leadership, machining,
mechatronics, and welding. With that being said, Gee (1989) would suggest that most of
my students are gaining knowledge within these natural settings through acquisition, or a
“process of acquiring something subconsciously by exposure to models and a process of
trial and error, without a process of formal teaching”, rather than through learning, which
is a “process that involves conscious knowledge gained through teaching” and provides
“explicit explanation of sequential steps and the breakdown of analytic parts” (p. 4).
Following graduation, a good portion of these hardworking career technical education
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students can gain the necessary credentials at the high school level to negate the need to
pursue postsecondary education or certification altogether.
For this qualitative AR design, six of my chemistry students were ultimately selected
to serve as the focal group using two tiers of nonprobability sampling, more specifically
purposive, or purposeful sampling (Merriam & Tisdell, 2016). According to Stake
(2000), the focal group of participants identifies as an intrinsic case study, meaning that
there is no attempt to generalize these results beyond my population of students and
classroom setting. Given that student identities and social interactions vary from context
to context and from individual to individual, it is vital to understand how any one setting
could be similar or different from another (Gobo, 2008). While the case study pool (my
first block class) was selected under the jurisdiction of convenience sampling because it
occurs at the researcher’s place of employment, where resources, space, and participants
are highly accessible, as well as its rather inexpensive nature, the primary methodology
governing the case study sample selection process in this study was based on criterion
sampling (LeCompte & Schensul, 2010).
To begin with, this study took place in one of my block classes at the school where I
teach, which made both the research site and participants, as well as the collected data
highly approachable and easily accessible throughout the entirety of the research. With
that being said, prior to determining the members of the case study, my first block class
was conveniently sampled out of the three total 90-minute blocks that I teach throughout
the day as the classroom in which the intervention would take place and serve as the case
study pool from which to select a second-tiered sample of case study members based on
specific criterion. During the initial phase of the AR cycle prior to the intervention,
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students were provided with the opportunity to demographically describe themselves, as
well as discuss some of their basic routines and habits using a digital questionnaire. The
questionnaire results found in Table 3.1 below shows the criterion responses that students
had to report in order to be considered as a potential member of the case study. The
students completed the criterion questionnaire individually on their Chromebooks, which
was distributed digitally using Google Docs through our institution’s learning
management system (LMS), Schoology. Students completed this initial task individually
due to the sensitive nature of the demographic information that is being inquired upon.
Table 3.1 Case Study Selection Criterion Data from the Digital Questionnaire
Date

Student

Frequency
of Gaming

Free/
Reduced
Lunch

Gender

male

Average
Class
Letter
Grade in
Core
Subject
Areas
B-D

09/27/
21

Student
#1

free

09/27/
21

Student
#2

2 hours/day
2-3
days/week
2 hours/day
4-5
days/week

free

male

09/27/
21

Student
#3

09/27/
21

Student
#4

09/27/
21

Student
#5

09/27/
21

Student
#6

3-4
hours/day
3-4
days/week
1 hour/day
5-7
days/week
30 min.- 2
hour/day
2-4
days/week
4 hours/day
7
days/week

free

Age

CTE
Pathway

Science
Attitude

16

Yes agriculture

Does not
like

B-C

17

Indiffere
nt

male

B-D

17

Yes –
Business
and
Marketing
Yes –
Automotiv
e

free

female

B-C

16

Indiffere
nt

free

female

B-C

16

Yes –
Cosmetolo
gy
Yes –
Culinary

free

female

C

16

Yes –
Computer
Science

Indiffere
nt

Thinks it
is okay

Does not
like

As shown in Table 3.1 above, six total students were selected to serve as members
of the case study from the classroom of seventeen students based on the criterion they

63

reported. Once selected, they were assigned a case study student identification number of
#1 - #6 for confidentiality and privacy purposes. First and foremost, students had to
qualify for free or reduced lunch because this label was used as a proxy for determining a
low socioeconomic status. In addition, considering that 99% of boys and 94% of girls
currently report playing digital games in American society, an even number of males and
females were selected to represent the findings from this case study as long as they met
all other necessary criteria (Lenhart et al., 2008). As you can see from Table 3.1 above,
most of the students reported playing games at a level way beyond what was required for
participation in this study. Considering the large majority of students take chemistry their
junior year of high school, students had to be 15, 16, or 17 years of age in order to be
eligible for participation in this case study. Lastly, students with an average letter grade
range (B-D) in their core classes (mathematics, science, English, history) and those who
reported minimal interest in the subject of science were prioritized for participation in the
case study.
Student #1 was a 16-year-old male who qualified for free lunch, reported earning
an average letter grade of a B, C, or D in core classes, was a CTE agriculture student,
played videogames for two hours per day around two or three days per week and does not
enjoy chemistry. Student #2 was a 17-year-old male who qualifies for free lunch,
reported earning an average letter grade of a B or C in core classes, was a CTE
business/marketing student, played videogames for two hours a day around four or five
days per week, and felt indifferent toward chemistry as a subject. Student #3 was a 17year-old male who qualified for free lunch, reported earning an average letter grade of a
B, C, or D in core classes, was on a CTE automotive pathway, played videogames for
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three to four hours a day and three to four days per week, and thought that chemistry is
just okay. Student #4 was a 16-year-old female who qualified for free lunch, reported
earning an average letter grade of a B or C in core classes, had a CTE Cosmetology
focus, played videogames for one hour a day around five to seven days a week, and was
indifferent in regard to the subject of chemistry. Student #5 was a 16-year-old female
who qualified for free lunch, reported earning an average letter grade of a B or C in core
classes, was a CTE culinary student, played videogames for half an hour to two hours per
day and around two to four days a week, and did not like science or chemistry. Student
#6 was a 16-year-old female who qualified for free lunch, reported earning an average
letter grade of a C in core classes, had a CTE computer science focus, played videogames
for four hours per day, seven days a week, and felt indifferent toward the subject of
chemistry.
According to the criterion questionnaire, students played an average of 2.08–2.5
hours per gaming session, and gamed anywhere from 3.83–5 days per week. With that
being said, it was clearly evident that the students found in this case study pool played
games quite often and were motivated to engage in this activity on a weekly basis despite
experiencing a limited amount of time within their busy and hectic lifestyles. This data
suggested that the prioritization of gaming students exhibit shows that students are first
and foremost extremely interested in playing videogames. Progressivist John Dewey
(1897) believed that to “repress interest” is to replace the child with an adult, and
therefore weakens intellect, curiosity, and awareness as well as reduces initiative (p. 80).
In addition, according to Ornstein et al. (2014), interest motivated by direct experience,
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or in the case of this research playing videogames, serves as the best stimulus for
learning.
Phase #2: Discovery
Following selection of the case study members based on their initial descriptions
of themselves and analysis of various criteria, it was time to discover more about their
unique and individual gaming preferences and tendencies. With that being said, a five
question digital interview was given to the case study pool using Google Docs and our
institution’s LMS, Schoology. This digitally distributed interview was completed
individually by students on their school issued Chromebooks so that they felt comfortable
openly and honestly describing their likes and dislikes without confronting the social
pressure or an external influence to respond in certain ways.
Table 3.2 Student Reponses to Individual Digital Interview Line of Questioning #1
Date

Question #

10/04/21

Line of Questioning #1: What
types of videogames do you
enjoy playing? What motivates
you to play them and what about
these games engages you during
gameplay?

Case Study
Student #
Student #1

Student #2

Student #3

Student #4

66

Comment
“I like playing sports games like
madden and 2k because I really
like playing sports with friends. The
competitiveness and winning
engages me”
“I prefer games with good
storylines and cool characters,
discovering the plot of games really
motivates me and I am always
trying to get better and better and
beat the game as fast as I can.
“I like playing games like apex,
fortnite, gta, madden, fifa, and
much more, I mostly do it for fun
and to be with my friends, it gives
us all something to do and enjoy,
games engage me when they
require all of your focus and have
you earn ranks, badges, upgrades”
“My favorite games are just dance,
word games, Angry Birds, trivia
games, and physical play games
that make you move like on the Wii
and Switch”

Student #5

Student #6

“I like Call of Duty, building games
like Minecraft, and matching games
on my phone like CandyCrush”
“CALL OF DUTY, I love when I
get match mvp, most kills, and
unlocking new weapons/upgrades”

Table 3.2 above shows the case study members’ responses to the first line of
questioning in the digital interview. This question primarily concerned what type or style
of games the students preferred to play, what motivated them to play them, and what
about these games engaged them as a player during gameplay. Student #1 was a big
sports fan, and an athlete with friends who also play sports. They clearly seemed to enjoy
sports games as well as the competition and comradery that comes along with playing
against and alongside others. Student #2 seemed to be more captivated by a complex
storyline and liked to “discover the plot” and play as creative characters that they could
spend time increasing their skills and upgrading their weapons with. Student #3 seemed
to like a wide variety of games they can play online while they also hangout and socialize
with their friends. However, they did mention still focusing on the game so that you can
earn “ranks, badges, and upgrades.” Student #4 enjoyed physical videogames that require
you to get up and move as well as playing games on their phone such as “Angry Birds
and trivia games”. Student #5 liked a wide variety of games such as the first-person
shooter Call of Duty, building games such as Minecraft, and matching games like Candy
Crush. Lastly, Student #6 really liked shooting games like Call of Duty where they can
earn titles such as “match MVP or most kills” as well as unlocking new
weapons/upgrades.
Throughout analysis of Question #1, it quickly became apparent that students
enjoy playing games they can connect with and feel related to. These individuals were
playing games they can use to explore and reinforce their own lived experiences. For
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example, a football player played Madden, hunters liked to play shooting games, and a
thespian reported playing games with “good storylines and cool characters” where they
can work to “discover the plot.” In addition, it was evident that my students were
motivated to play games that their friends play and enjoy the social discourse and
language they learn that comes along with consistent gameplay. Many students that I
encounter seem to identify as a “gamer” and therefore have a common ground with others
that play similar games as them and can in turn speak the same language. Lastly, it was
clear that these particular students were strongly motivated by extrinsic factors embedded
within gameplay such as earning “badges, upgrades, new weapons, and higher ranks.”
Table 3.3 Student Reponses to Individual Digital Interview Line of Questioning #2
Date
10/04/21

Question #
Line of Questioning #2: How often do
you find yourself playing video games
outside of school? How many hours per
day and days per week?

Case Study Student #
Student #1

Comment
“Pretty often, about two
or three days a week for
about two hours a day”

10/04/21

Student #2

10/04/21

Student #3

10/04/21

Student #4

10/04/21

Student #5

“I pretty much play
videogames every day,
around 4 to 5 days a
week for about two
hours a day”
“Over the summer I
definitely play a lot
more because I am not
as busy, but over the
school year I would say
I still play 3 to 4 days a
week for 3 to 4 hours a
day”
“I know if I had more
time I would probably
play more games, all in
all I would say I play for
about an hour every day
from my phone”
“I play a lot more often
on my phone just
because I am not at
home most of the day,
when I am at home on
the weekends I play my
PlayStation 4 a lot
more, in total about half
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10/04/21

Student #6

an hour to two hours for
about two to four days a
week.
“I play most of the time
when I go home from
school, probably four
hours a day, seven days
a week”

Table 3.3 above shows the data from the second line of questioning in the digital
interview. This question concerned the frequency of the individual students’ gaming
habits. It asked them to report how much they play videogames, as well as how many
hours per day and days per week. Student #1 claimed to play “pretty often”, around two
hours a day for two or three days per week. Student #2 stated they “pretty much play
videogames every day,” around four to five days per week for about two hours a day. Not
surprisingly, Student #3 said that “over the summer I definitely play a lot more,” but
during the school year they still managed to play three or four days a week for about
three to four hours a day. Student #4 claimed that they would “probably play more
games” if they had more time, but only play for an hour a day every day of the week from
their mobile smartphone. Student #5 explained that they play most often from their phone
since they are never at home, but that on the weekends they play more frequently. All in
all, they reported playing two to four days a week for about a half hour to two hours per
session. Student #6 claimed to play more than any other case study member, reporting
they play most often when they get home from school, every single day of the week for
four hours per day.
It was evident that as a result of their busy lifestyle or demanding daily schedule,
students adapted to what was most convenient by choosing to play on their phone when
they are mobile and game system or computer when they are sedentary or at home.
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Regardless, many of the titles that students play today have both mobile versions as well
as are playable on a game console, so oftentimes they are playing the same game. In
addition, the data collected from the second line of questioning indicated that the case
study participants spent a large portion of their time outside of school playing
videogames, and that this is an activity that captivates their attention, keeps them
engaged, and motivates them to commit to and achieve set goals for hours at a time when
they are not at school.
Table 3.4 Student Reponses to Individual Digital Interview Line of Questioning #3
Date
10/04/21

Question #
Line of Questioning #3: Which type of
devices do you game on, what device do
you find yourself playing on most often
and what type of device do you prefer to
play on?

Case Study Student #
Student #1

10/04/21

Student #2

10/04/21

Student #3

10/04/21

Student #4

10/04/21

Student #5

70

Comment
“I play on Xbox
and my phone the
most often, but I
prefer to play on
Xbox because it
has better
shooting and
sports games”
“I play on Xbox
because it has my
favorite games on
it, the only reason
I play on my
phone is at
school”
“I play on my
phone and my
Xbox but Xbox the
most for sure, I
grew up with an
Xbox and all the
games I played as
a kid like Halo
are on it”
“I play the most
often on my phone
because it is more
convenient and
those games and
applications
appeal to me
more”
“I mostly game on
my smartphone
and Xbox, I game

10/04/21

Student #6

on my smartphone
most of the time
just because it’s
always on me and
I am never home
“I play a lot of
Call of Duty
Mobile on my
phone and then
play at home on
my Xbox, I am on
my phone more
during the week
and Xbox more on
the weekend”

Table 3.4 above shows student responses to the third line of questioning from the
digital individual interview. This question primarily concerned what type of device
students played on most often and what device they preferred to play on. Student #1
played on their Xbox at home and smartphone at school but preferred to play on their
Xbox because it has better games. Student #2 felt similarly, playing Xbox primarily as a
result of the games that are on it and claimed the only reason they play on their phone at
all is because they aren’t at home near their preferred device. Student #3 played on their
phone and Xbox, but the Xbox “the most for sure” because it has all their favorite games
they played growing up. Student #4 played most often on their phone out of convenience
and says that these applications appeal to them more so than games on other consoles.
Student #5 also played most often on their smartphone or Xbox but played on their
smartphone quite a bit because they are never home. Student #6 played a lot of Call of
Duty and Call of Duty Mobile, they like their phone and Xbox, but play on their phone
more during the week and their Xbox more on the weekends. All in all, it seemed that
students preferred to play games from their Xbox and Phones, interestingly personal
computer (PC) games were not mentioned once from the case study members. A common
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theme reported from the third line of questioning indicated that the case study
participants by far and large preferred to play on their Microsoft Xbox gaming system
when they were at home or with friends away from school, as well as are willing to adapt
to using their smartphone during school hours if they have to. Considering that none of
the case study members report playing on their PC, I was left wondering if students will
feel less of a physical connection to the games because they do not have a controller or
phone in their hand but are instead using their keyboard to manipulate the gameplay.
Table 3.5 Student Reponses to Individual Digital Interview Line of Questioning #4
Date
10/04/21

Question #
Line of Questioning #4: When you play
videogames, do you prefer to play by
yourself, play socially with groups of
people, or a combination of both and why?

Case Study Student #
Student #1

Student #2

Student #3

Student #4

Student #5

Student #6

72

Comment
“Depends on the game
really, but the ones I play
the most I am alone so I
can concentrate on what I
am doing”
“I like to play games
online with other people
even though I am alone in
my room when I play, I
like to play videogames
with a friend or two
though”
“I like doing both
sometimes but late night
gaming with your buddies
just hits different”
“A combination of both
because it is more fun to
play physical games like
Wii Sports an Just Dance
with friends, but puzzle
and trivia games are just
fun for me”
“It really depends on the
game. It is mainly a
combination of both
because there are times
where I like my alone time
and just want to play a
game by myself and there
are other times I like
playing on a team to make
the game more fun”
“Mostly by myself but
sometimes grouped up. It

really just depends on if
you’re playing battle royal
or just the regular game”

Table 3.5 above shows student responses to the fourth line of questioning in the
individual digital interview sequence. This question concerned the social environment in
which students played videogames. It asked specifically whether they enjoyed playing
games by themselves, socially with others, or a combination of both. All case study
members seemed to feel that it depended on the type of game being played. Student #1
stated “it depends on the game really” but they liked to play alone because they can
concentrate more on what they are doing. Student #2 preferred to play online games the
most, but claimed they also like to play with a friend or two in person. Student #3
enjoyed doing both but reports that “late night gaming” with friends is just too much fun
to pass up. Student #4 liked to play physical games like Just Dance and Wii Sports with
other people but said that “puzzle and trivia games are just for me”. Student #5 reiterated
that it “depends on the game,” but enjoyed both because sometimes they like to be alone
and sometimes they like to be social with others. Student #6 liked to play online by
themselves, but noted that it really just depends on what type of Call of Duty match you
are playing.
Most of the case study participants reported being motivated to engage in
gameplay alone based on their own personal interests as well as were motivated to
engage in social gameplay where they play with friends online or in real-life. For most of
them, they reported that “it really just depends on the game” and whether it’s geared
toward multi-player, online, or solo walkthrough gameplay.
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Table 3.6 Student Reponses to Individual Digital Interview Line of Questioning #5
Date
10/04/21

Question #
Line of Questioning #5: Based upon your
own life experiences, do you feel like you
have learned from videogames or that they
can be used for learning? Why or why not?

Case Study Student #
Student #1

Student #2

Student #3

Student #4

Student #5

Student #6

Comment
“Yes, Madden has helped
me learn a lot more about
the sport of football and
the plays and formations
they use”
“Yes, kids are so engaged
with videogames, maybe if
school made educational
games more often, kids
would be more engaged
with learning too”
“Yes I have learned a lot
of history from games how
to drive in gta”
“Yes, we can learn from
digital games because it is
part of the culture that
now engages the younger
generations and
technology is more of a
part of us now as a society
than it ever has been
before”
“Some games can help you
learn like number games
can help people get better
with numbers and help you
do simple math quicker but
there are some games that
might not be so helpful
with learning”
“Yes most people catch on
easier to games then
subjects like math, you
could possibly incorporate
math into some type of
video game”

Table 3.6 shows the student responses to the last line of questioning in the
opening individual digital interview. This question primarily focuses on whether these
students feel like they have learned or can potentially learn from the videogames that they
play, and if so to provide an example of how it occurred. Student #1 claimed that Madden
games helped them learn “a lot more about the sport of football, the plays, and formations
they use” and has translated that knowledge into the actual sport as a player and viewer.
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Student #2 states that “kids are so engaged with videogames, maybe if school made
educational games more often, kids would be more engaged with learning too”. This goes
to show that videogames offer a perfect medium for examining the effects of learning
games on the motivation and engagement of this particular group of students. Student #3
discussed how much history they have learned from the war games they played, and even
claims that grand theft auto and other racing games helped them feel more comfortable
when they first got behind the wheel of their own car. Student #4 stated that you can learn
from games “because it is part of the culture now that engages the younger generations
and technology is more of a part of us now as a society than it used to be”. This piece of
data is indicative that videogames, along with technology in general, has become an
integral and irreplaceable part of the current generation of students. Student #5 claimed
that number games they have played before in school have helped them considerably in
math while Student #6 said “most people catch on easier to games than subjects like
math, so you could possibly incorporate math into some types of games”.
Data Collection Methodology
According to Creswell (2009), qualitative studies should focus on “multiple forms of
data such as interviews, observations, and documents, rather than relying on a single
source of data” (p. 175). As stated in the previous section, this qualitative research will be
executed in the form of a two-tiered single case study, first emphasizing an individual
chemistry classroom as the case, of which four to six students will be more intensely
sampled from. Following selection of the participants, the data collection and analysis
within this qualitative study will ultimately be organized into Durdella’s (2019) five
different levels of inquiry, including “description, discovery, exploration, interpretation,
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and verification” (p. 4). This qualitative approach will not only allow the researcher to
collect data by means of interacting with participants in their own unique contexts within
the natural school setting but is strongly encouraged for practitioners who remain
involved in sustained experiences with the participants following the conclusion of their
study (Creswell, 2009). This approach is especially recommended for practitioners who
desire to obtain a more detailed description of individual participants as a method of
piecing together a more wholesome and accurate picture of their experiences (Stake,
1995).
According to Durdella (2019), “observations form one of the most effective ways to
gather information naturally—with less regulation and obtrusiveness than most methods
where the researcher is present in the field setting” (p. 223). Throughout the duration of
the study, the observer will serve as a participant and written observational data will be
recorded using the split descriptive and reflective protocol recommended by Sari Biklen
and Robert Bogdan (1992). While descriptive notes will aid in the detailing of people,
places, events, and social exchanges, reflective notes will help the researcher to describe
new ideas, important insights, or identify patterns that emerge from fieldwork (Durdella,
2019). In addition, Creswell (2009) suggested including demographic notes in
observational protocols to record information such as time, place, and date of the setting
where the observation takes place. The primary advantages to the observational methods
incorporated into this two-tiered qualitative case study research design include their
unobtrusive nature, the representative voice that the participants have within the data, the
researcher’s general accessibility to the information gathered, and the availability of
participants for data collection and analysis.
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According to Durdella (2019), qualitative research case study methods not only lend
themselves to the use of observation, but also support the use of interview as an
additional means of data collection in the field. The interviews in this study were
conducted using an interview protocol recommended by Creswell (2009) that includes a
heading, instructions for the interviewer, four to five questions, four to five probes for
follow-up, and a final thank you statement to the interviewees. In addition to the
interview protocol, this study followed Creswell’s (2009) suggestions for recording
interviews both digitally, in word processing documents such as Google Docs, and
physically by making handwritten notes. Furthermore, Durdella (2019) promoted the idea
of using semi-structured interview guides that include a “mix of questions, prompts, and
topics” but still “leaves open opportunities to follow hunches and intuitive directions” (p.
220). With that being said, case study participants will be digitally interviewed as a group
at the beginning of the study as well as at the conclusion of the research. According to
Durdella (2019), group interviews typically extend to between four and eight participants
and tend to be more efficient when time is limited, as you can “include a greater number
of participants in fewer interview sessions” (p. 232). Furthermore, Durdella (2019) stated
that “less sensitive or controversial topics” such as the one posed in this study, tend to
“lend themselves better to group interviews” when compared with more sensitive and
private topics (p. 232).
Lastly, Creswell (2009) suggested “including data collection types that go beyond
typical observations and interviews,” because “unusual forms of data can capture useful
information that observations and interviews may miss” (p. 181). Therefore, this research
will also take advantage of qualitative document collection and analysis methods which
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enables the researcher to emphasize the language of the participants, yet are conveniently
accessible and naturally unobtrusive. As a result, this study will collect and analyze data
from a private document, more specifically a daily journal that the case study participants
will reflect and record in using the prompt provided following gameplay.
Phase #3: Exploration
During the six-week exploration phase of this study, my first block classroom will be
subject to the GBL intervention and the selected case study participants from which to
sample will start to undergo formal observation, begin their daily reflective journaling
process following gameplay, and be responsible for participating in interviews at the
beginning and end of the study. Considering the qualitative nature of this study, the
exploration phase and interpretation phase will overlap as analysis will begin upon initial
data collection.
Atom Builder will be the first game used during the two-week atomic structure unit in
order to show students how they can use the periodic table in order to calculate and
determine the subatomic particles needed to develop and visualize atoms. BondBreaker
will be second game used during the two-week unit on atomic structure as well as during
a unit on intermolecular forces. BondBreaker will help students visualize the interactions
that not only take place within the subatomic particles of a single atom but also the
interactions that atoms have with their surrounding environments, different sources of
energy, and other particles and molecules they encounter such as during chemical
bonding. With that being said, BondBreaker will also be used during the two-week unit
that covers metallic, covalent, and ionic bonding. Smashbond will be used during the unit
on chemical bonding as it has students match up pairs and groups of elements that would

78

form covalent or ionic compounds using their respective Lewis dot structures. Once we
begin discussing the three dimensional shape of these different types of compounds, My
Molecularium will be used in order to help students recognize and visualize various
molecular shapes and geometries of a wide range of molecules. As students continue to
progress, ChemCaper will be the last game that students are exposed to as they deepen
their understanding and application of chemical bonding principles.
Data Analysis Methodology
According to Creswell (2009), qualitative case studies “involve a detailed description
of the setting or individuals, followed by analysis of the data for themes or issues (p.
184). Due to the qualitative nature of this research, the data collection and analysis are
going to occur in a simultaneous fashion (Merriam & Tisdell, 2016). With that being
said, most codes and patterns will have been previously identified as a priori themes in
the earlier phases of this study to promote the description, discovery, and exploration of
common emergent themes and categories as the study progresses. In order for a piece of
data to be considered as potentially contributing to an organized theme or category, it
must be responsive to the research questions posed by this study. These units of data will
then be further analyzed for key words or phrases (Merriam & Tisdell, 2016). Ultimately,
the categories and themes that are established and maintained within this study will
require triangulation amongst the three methods of data collection; observations,
interviews, and analysis of documents and artifacts such as interest inventories and
journal reflections. Further, throughout the entire data collection process, member
checking will take place to verify my interpretations of the acquired information.
Overall, the perspective of the researcher will be used to determine how long to
remain the field, whether the data are saturated enough to establish good themes or
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categories, and if the analysis of data has evolved and developed into a persuasive
narrative (Creswell & Miller, 2000). Further, my research assumes a constructivist
paradigm that believes student perspectives toward reality are pluralistic, interpretive, and
contextualized in nature. With that being said, the primary means of enhancing rigor and
trustworthiness within this study are prolonged engagement in the field and thick, rich
description (Creswell & Miller, 2000). Durdella (2019) ultimately broke this latter
portion of the qualitative research process into the following two phases.
Phase #4: Interpretation
During the interpretive phase of this study, qualitative data in the form of journal
documents, interview transcripts, and observations collected from participants during the
GBL intervention will all have to be culminated and analyzed. In addition to consistently
and continuously examining the data as it is acquired, I will keep an observational record
of “separate memos, reflections, tentative themes, hunches, and ideas” (Merriam &
Tisdell, 2016). Using these combined forms of data to enhance triangulation of identified
emergent themes that arise from observations, interviews, and document analysis, the
overarching goal of the interpretation phase is to reach saturation, where all themes have
been identified and no new insights are being produced. In order to organize and manage
the data that is collected, data will be coded into “short words or phrases that
symbolically assigns a summative, salient, essence-capturing, and/or evocative attribute
for a portion of language-based or visual data” (Saldana, 2013, p. 3). According to
Merriam and Tisdell (2016), the process of data analysis begins with identifying these
“units of data” and then they should be coded according to whatever scheme is relevant
to your study, and according to the theoretical framework that informs the study” (pp.
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200-203). More specifically, Merriam and Tisdell (2016) state that the “actual names of
your categories/themes/findings” can primarily result from sources outside the study,
particularly the literature that informs the study. In addition, Efron & Ravid (2013)
claimed that themes may be organized using predetermined categories that “emerge from
your literature review” (p. 170). With that being said, the underlying theoretical
framework in this study will ultimately provide the initial predetermined categories for
organizing the codes assigned to emergent data.
Phase #5: Verification
In order to verify the qualitative reliability and qualitative validity of this
research, a variety of procedures will be employed. In order to make sure that the
research approach was consistent and reliable, Yin (2003) recommended documenting as
many of the procedural steps as possible as well as setting up a detailed case study
protocol and database. Furthermore, Gibbs (2007) suggested several procedures to
enhance reliability including double checking transcripts, coordinating communication,
cross-checking codes with previous research, and making sure your codes do not shift in
definition. When verifying the validity of qualitative data, Creswell (2007) recommended
the employment of multiple strategies to enhance trustworthiness, authenticity, and
credibility (Creswell & Miller, 2000). Those include triangulation from the examination
of multiple forms of data collection, member checking with case study participants using
a final group interview, incorporating rich, thick descriptions to convey findings,
clarification of researcher bias, presenting negative or discrepant information, and
prolonged time in the research field with the participants.
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CHAPTER FOUR
FINDINGS
Theoretical Lens

Figure 4.1 A Theoretical Kaleidoscope
First and foremost, according to Lev Vygotsky, knowledge originates through our
interaction with others; that how we think, feel, and act is primarily a function of the
sociocultural influences that exist within our lives (Rowe & Wertsch, 2002). More
specifically, social constructivism learning theory emphasizes the notion that meaningful
learning and the construction of knowledge is created as a result of our social interaction
and negotiation with others. In other words, one person’s knowledge cannot be identical
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to the knowledge of another person’s as a result of the unique, individual, and personal
experiences that are greatly affected by factors such as gender, race/ethnicity, age, social
class, religion, sexual orientation, and existing prior knowledge (Snowman & McCown,
2015).
Furthermore, Vygotsky (1978) claimed that through dialogue, students have the
ability to significantly gain from the psychological tools exchanged between and passed
down to them by those who were more intellectually capable and experienced regardless
of whether they were peers of the same age, older students, their immediate and extended
family members, or professional educators. Vygotsky (1978) referred to the difference
between what a child can independently achieve on their own versus what they can
accomplish with the help or assistance from more knowledgeable others (MKOs) as a
student’s zone of proximal development (ZPD) and that students are more likely to
navigate their ZPD and improve their learning if they are provided with scaffolds such as
hints, leading questions, or clues during early phases of instruction. Pea (1985) and
Salomon (1988) were some of the first researchers to suggest that perhaps technology
could play a similar role as the MKO using software and computer programs designed to
initially scaffold students and then gradually fading these supports as students were able
to show growth in competency and performance (Cotterall & Cohen, 2003).
Similar to the ideas presented within Vygotsky’s theory of social constructivism,
John Dewey’s progressivist education philosophy emphasizes the natural growth and free
development of students, as well as close cooperation, collaboration, and social
interaction amongst and between students and teachers in the classroom to build upon
and expand their current knowledge bases (Ornstein et al., 2014). Furthermore, John
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Dewey (1902) encouraged the notion that children are social and active human beings
that should be provided with opportunities to create knowledge, construct ideas, and
accomplish learning goals based on their own unique and personal interests, are eager to
explore their environment and interact with others, will encounter personal and social
problems as a result of this interaction, and that these problems ultimately motivate
students to search for solutions and expand upon their current set of experiences
(Ornstein, 2014).
As opposed to picturing discourse between students as merely communication
among two or more people, James Paul Gee (1989) reimagined a discourse as a “socially
accepted association among ways of using language, of thinking, and of acting that can
be used to identify oneself as a member of a socially meaningful group or a social
network” (p. 1). He encourages us to think of a discourse as an “identity kit” that comes
complete with the “appropriate costume and instructions on how to act and talk so as to
take on a particular role that others will recognize” (Gee, 1989, p. 1). Gee (1989) claimed
that the discourses of children from “non-mainstream homes,” such as the
socioeconomically disadvantaged students that I work alongside during my practice, not
only mismatches with the discourse of their secondary education but is oftentimes found
to be directly oppositional and conflict with the very discourses experienced within their
own sociocultural and personal lives (p. 8).
According to Snowman and McCown (2015), students who reside within
socioeconomically disadvantaged backgrounds may not feel particularly encouraged or
be strongly motivated to put forth significant effort in school as a result of several
variables, including lack of prior knowledge, stressful home environments, entering the
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workforce at an early age, and/or social lives that are difficult to navigate (Ornstein et al.,
2014). In efforts to shed further light on the factors which factors work to motivate
students, Ryan and Deci’s (2000a) self-determination theory empirically identifies three
variables that promote optimal functioning, growth, and motivation, as well as healthy
social development and personal well-being including competency, relatedness, and
autonomy.
In the same vein, Csikszentmihalyi (1990) characterized and described authentic
engagement by a loss of sense of time, intense concentration, the absence of distraction
and interruption, sustained interest over time, and the enjoyment of an activity’s
challenge level. Furthermore, Csikszentmihalyi (1990) described optimal experiences as
“those occasions where we feel a sense of exhilaration and a deep sense of enjoyment”
(p. 1). According to Csikszentmihalyi (1990), the factors that promote optimal
experiences include the development of challenging tasks with a reasonable chance of
completion that provide us with a sense of control over our actions.
For many of the students that find themselves in my chemistry classroom, playing
videogames in particular can be described as not only an essential discourse, but an
irreplaceably functioning part of their “identity kit” package (Gee, 1989). From a
sociocultural vantage point, videogames provide players with more frequent opportunity
to socially engage, collaborate in groups, use collective knowledge to meet goals,
compete against one another, and give students contexts where social interactions with
their peers work to improve learning (Squire, 2006, 2011). With digital game software
serving as the more knowledgeable other (MKO), students will work alongside each
other and at times perhaps against each other, as they learn new chemistry content that
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appropriately falls within their ZPDs. According to Plass et. al (2015), GBL designs that
are grounded in a social and cultural perspective “emphasize motivation and
engagement” and “strive to create meaningful and socially supported contexts” (p. 273).
By using digital GBL, my goal is to provide students with more robust autonomy and
more frequent opportunities to construct and create meaning from relevant and related
situations in which they feel more competent, as well as that consider their individual
interests and resemble their own real-life experiences. As a result of their familiarity with
game-based contexts, the goal of this game-based learning (GBL) intervention is to
provide students with a medium for learning that they maintain a sense of control over,
feel competent within and familiar with, as well as is related to their own personal and
unique interests (Ryan & Deci, 2000a). In addition, Plass, et al. (2015) states that high
quality gaming experiences aim for the “sweet spot” or fall within students’ ZPD in
which they will encounter appropriately leveled challenges that they are able to
overcome, noting that “when there are too many demands, options, and challenges, we
become anxious” and “when there are too few, we get bored” (Csikszentmihalyi, 1990, p.
7; Vygotsky, 1978). These theorists, along with their theoretical contribution, and the a
priori categories that were identified from this framework for coding and analysis of the
findings are presented in Table 4.1 below.
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Table 4.1 Underlying Theories and A Priori Themes
Plass,
Homer
Kinzer

Theorist

Vygotsky

Dewey

Ryan & Deci

Csikszentm
ihalyi

Gee

Underlying
Theory

Social
Constructivism
Learning
Theory

Progressivism
Philosophy

SelfDetermination
Theory

Flow
Theory

Discourse
Theory

GameBased
Learning

1

1

1

1

1

Collaboration

A Priori
Themes and
Categories

2

Competition

3

Zone of
Proximal
Development,
More
Knowledgeabl
e Other, &
Scaffolding

Interest

Relatedness

1

Awareness
of Time

2

Autonomy

Gracefu
l Failure

2

Competency

3

Culture
Identity

2

Interruptio
ns/Distracti
ons

2

3

3

Learning
of
Chemistry

Incentiv
e
Systems
Gaming
the
System

Phase #3: Exploration and Phase #4: Interpretation
Following the initial opening individual digital interview, data that was collected
during the second discovery phase of this research was used in order to identify and
select the chemistry videogames that were used in order to explore the effect of a GBL
intervention on the motivation and engagement of the socioeconomically disadvantaged,
rural, southern, eleventh-grade public high school students in my high school chemistry
classroom. For the exploration phase of this research, videogames were prioritized that
matched up with the wide variety of personal preferences and gaming tendencies that the
case study pool reported on the digital interview as well as that aligned with state
mandated chemistry standards required to be taught within the curriculum and instruction
sequence of this high school general chemistry course. Due to the qualitative and cyclical
nature of this AR study, the data collection (exploration phase) and analysis
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(interpretation phase) are going to occur in a simultaneous fashion and are therefore
integrated and presented alongside each other in this chapter (Merriam & Tisdell, 2016).
Game #1: Atom Builder
U.S. Army Stars: Elements is a free educational application developed by The Army
Game Studio at Systems Simulation, Software, and Integration (S3I) in collaboration
with U.S. Army Science, Technology, Engineering, and Mathematics (STEM) experts
and educators (U.S. Army, 2016). Not only is it free, but it is virtually accessible to
anyone with internet as a web version through Windows and IOS operating systems or as
a standalone mobile application on the Apple Store or Google Play. Atom Builder works
as a virtual atomic modeler where students are able to create and manipulate atoms within
a three-dimensional environment. Players have the ability to freely add or subtract
protons, electrons, and neutrons as they create stable or unstable atoms and ions. In
addition, they can rotate and zoom in on the atoms they create as well as select specific
electron energy levels to examine outer valence shells that aids in visualizing and
illustrating Lewis Dot Structures.

Figure 4.2 Atom Builder Gameplay
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State Academic Chemistry Standard(s)
CHEM1.PS1:12 - Matter and Its Interactions - Explain the origin and organization of
the Periodic Table. Predict chemical and physical properties of main group elements
(reactivity, number of subatomic particles, ion charge, ionization energy, atomic radius,
and electronegativity) based on location on the periodic table. Construct an argument to
describe how the quantum mechanical model of the atom (e.g., patterns of valence and
inner electrons) defines periodic properties. Use the periodic table to draw Lewis dot
structures and show understanding of orbital notations through drawing and interpreting
graphical representations (i.e., arrows representing electrons in an orbital).

Figure 4.3 Student #1 Playing Atom
Builder
Table 4.2 Observations of Student #1 Playing Atom Builder
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data

Game #1 – Atom Builder
#1
Date: 10/11/21
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(time, place, date,
location)

Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Entire class (17 students) on Chromebooks or Smartphones
playing Atom Builder.
Dialogue: Lots of dialogue between table partners and amongst tables
regarding the game. At first mostly concerning how to get to the game and
then shifting toward how to navigate the game itself. Some of them seem
rather skeptical, some seem excited, some are just happy to not be doing
anything with pencil or paper.
Individual Remarks:
“Woah! How did you do that?”
“Can I see where you found that?”
“What did you do here?”
Physical Setting: The classroom is dark with warm and screen lighting and the
door is closed. It is an overcast day with limited natural light coming in
through the window and curtain. Some students are still finishing up their
school breakfast. The classroom is chilly.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students must create twenty assigned atoms and have the
teacher/researcher check them off as they are completed. For each atom, the
element name, chemical symbol, atomic mass, atomic number, and the number
of protons, electrons, and neutrons must be labeled. Following this initial
assignment, students will choose ten of their own atoms to construct, and then
present an atomic creation of their choosing aloud to the class in a brief,
bulleted presentation that includes, the element’s state of matter, family name,
real world application, type of material, atomic mass, atomic number, and
number of subatomic particles.
Personal Thoughts: Normally this student is very quiet, and I do not typically
hear them speak or notice a lot of emotion on their face. Oftentimes this
student would prefer to just have their headphones in and lay their head down.
They are on their phone or Chromebook quite frequently but manage to get
most of their classwork done on time.
Speculations: Since this student seems more comfortable on their devices and
has reported that they like to play videogames, I feel like this game might
make the new chemistry content seem more familiar and help this student to
feel more comfortable with the tasks.
Feelings: I feel like this student came out of their shell a little bit today, I saw
them laugh, smile, and enter into a dialogue with their tablemate. They would
not only help each other to create, but they would also get excited and
encourage each other after the building was completed.
Problems: This student and their table mate began to communicate so
seamlessly they asked if it would be okay to just work on one computer
together and I allowed it. Once this happened, some chose to work together
with table mate and others chose to work individually.
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Ideas: For much of the gameplay, perhaps students will naturally either want
to work together with their table partner or work individually going forward in
this research.
Hunches: Based on my observations today, my hunch is that this student will
increase in their social interaction as a result of their interest in games and how
the game-based learning intervention makes chemistry seem a little more
familiar
Impressions: I am left with the impression that this game provided this
particular student with the control to make their own decisions in a context that
they are not only interested in personally, but is also related to their life outside
of the classroom. Based on my observations alone, this student had a good
time today and was able to learn how you can calculate the number of
subatomic particles (protons, electrons, and neutrons) using the atomic mass
and atomic number

Table 4.3 Student #1 Journal Reflection Prompt After Playing Atom Builder
Date:
10/15/21

Extended
Response
Question #1

Date:
10/15/21

Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

Date:
10/15/21
Date:
10/15/21

Statement
#1

What parts of the game did you like or find enjoyable? I liked how
simple the game was.
What parts of the game did you dislike? The graphics were cool but
parts of it felt a little boring since we were just building atoms.
What did you learn about chemistry today? I learned a lot about
valence electrons.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? Yes it is way more entertaining.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)
It improved my sense of competency and confidence in my learning.
1

Statement
#2

5

2

3

4

5

2

3

4

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

I was influenced by the element of competition during gameplay.
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5

1
Date:
10/15/21

Extended
Response
Question #5

Statement
#1

2

3

4

5

2

3

4

5

4

5

My mind was on other things or leaving during class.
2

3

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

5

I looked at the clock frequently during class.

1
Statement
#4

4

I lost track of or awareness of time during gameplay.

1
Statement
#3

3

Were you engaged in your learning during gameplay? Yes I found
myself looking at the time on my phone less.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

1
Statement
#2

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3
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4

5

Figure 4.4 Student #2 Playing Atom
Builder
Table 4.4 Observations of Student #2 Playing Atom Builder
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #1 – Atom Builder
#2
Date: 10/11/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Entire class (17 students) on Chromebooks or Smartphones
playing Atom Builder.
Dialogue: Lots of dialogue between table partners and amongst tables
regarding the game. At first mostly concerning how to get to the game and
then shifting toward how to navigate the game itself. Some of them seem
rather skeptical, some seem excited, some are just happy to not be doing
anything with pencil or paper.
Individual Remarks:
“That one was easy!”
“You know, this is actually pretty cool”
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“I like these graphics!”
Physical Setting: The classroom is dark with warm and screen lighting and the
door is closed. It is an overcast day with limited natural light coming in
through the window and curtain. Some students are still finishing up their
school breakfast. The classroom is chilly

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students must create twenty assigned atoms and have the
teacher/researcher check them off as they are completed. For each atom, the
element name, chemical symbol, atomic mass, atomic number, and the number
of protons, electrons, and neutrons must be labeled. Following this initial
assignment, students will choose ten of their own atoms to construct, and then
present an atomic creation of their choosing aloud to the class in a brief,
bulleted presentation that includes, the element’s state of matter, family name,
real world application, type of material, atomic mass, atomic number, and
number of subatomic particles.
Personal Thoughts: This student is typically very distracted themselves and is
often a distraction to others. They can be loud at times, and frequently speak
out of turn during class time. They do not take their schoolwork that seriously
and can be inconsiderate when others around them are trying to get their work
done. According to administration, this student is only allowed to leave the
classroom once to use the bathroom, otherwise skipping can become a
temptation for this particular individual. As a teacher, I struggle to get this
student to complete assignments. Personally, I think this student can be
humorous and has a keen ability to make people laugh and smile, and I
applaud their ability to be so outgoing, friendly, and sociable. They just lack
focus on their schoolwork and classroom discipline at times.
Speculations: I speculate that this student may not be influenced one way or
another by the videogame but could perhaps just continue to act in the same
manner. Considering this student does report enjoying videogames I believe
this intervention could have the power to impact this student’s level of
engagement and/or motivation to learn.
Feelings: I feel like this student is enjoying this assignment because they are
actually staying in their seat, focused on their screen, and working on the task
at hand. While this student is regularly more of a social butterfly, they seem to
be individually engaged on constructing the atoms because they are not
communicating with others as much as they normally do. If they do
communicate, the dialogue is based on the happenings in the videogame such
as celebrating moving to the next level or voicing frustrations on more difficult
levels.
Problems: It is not a problem, but just surprising to see how much focus the
game brings out of the student, when normally they are much more talkative
and distracting during class.
Ideas: While this student normally lacks focus on classroom tasks and is more
interested in what others have to say, it is intriguing that this student seemed
more interested in the videogame task than entering into a dialogue with
others.
Hunches: Perhaps this student enjoys games more as an individual experience.
I know for me personally, videogames provide a healthy outlet for unwinding
and having some alone time.
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Impressions: I was surprised at how much of an effect this first game has had
on this particular student’s focus. This is one of the first assignments I have
received from them in a while, and they were able to understand the concept of
how we can calculate the number of subatomic particles for an atom of a
particular element using the atomic mass and atomic number that are located
inside of the individual element’s square on the Periodic Table of elements.
Going forward it will be interesting to see if the videogames continue to have
similar effects on this group of students.

Table 4.5 Student #2 Journal Reflection Prompt After Playing Atom Builder
Date:
10/15/21
Date:
10/15/21
Date:
10/15/21
Date:
10/15/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? It was
something different than doing paperwork
What parts of the game did you dislike? Idk really it was ok on most
things
What did you learn about chemistry today? How many protons
neutrons and electrons it takes to build certain types of atoms.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I was definitely more
interested in this.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree,
5 = strongly agree)

Statement
#1

It improved my sense of competency and confidence in my learning.
1

Statement
#2

Extended
Response
Question #5

2

3

4

5

2

3

4

5

2

3

4

5

I was influenced by the element of competition during gameplay.
1

Date:
10/15/21

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

Were you engaged in your learning during gameplay? Yes I was
distracted less by other people and my phone.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree,
5 = strongly agree)
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Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

5

2

3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not
think I would have.
1

Statement
#5

4

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

4

Figure 4.5 Student #3 Playing Atom Builder
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Table 4.6 Observations of Student #3 Playing Atom Builder
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #1 – Atom Builder
#3
Date: 10/11/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Entire class (17 students) on Chromebooks or Smartphones
playing Atom Builder.
Dialogue: Lots of dialogue between table partners and amongst tables
regarding the game. At first mostly concerning how to get to the game and
then shifting toward how to navigate the game itself. Some of them seem
rather skeptical, some seem excited, some are just happy to not be doing
anything with pencil or paper.
Individual Remarks:
“How do I do this one again”
“Can you help me with this one?”
“Which one are you on?”
“Does this number mean there are 29 protons and 29 electrons?”
Physical Setting: The classroom is dark with warm and screen lighting and the
door is closed. It is an overcast day with limited natural light coming in
through the window and curtain. Some students are still finishing up their
school breakfast. The classroom is chilly

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students must create twenty assigned atoms and have the
teacher/researcher check them off as they are completed. For each atom, the
element name, chemical symbol, atomic mass, atomic number, and the number
of protons, electrons, and neutrons must be labeled. Following this initial
assignment, students will choose ten of their own atoms to construct, and then
present an atomic creation of their choosing aloud to the class in a brief,
bulleted presentation that includes, the element’s state of matter, family name,
real world application, type of material, atomic mass, atomic number, and
number of subatomic particles.
Personal Thoughts: This is an English Second Language (ESL) student that
tends to be very social with the people that they do know, and rather quiet
around those that they are not familiar with. Their conversational English is
great, but they report that they cannot understand the language as well as they
can speak it. Oftentimes in the classroom this student reports feeling
overwhelmed with the subject specific vocabulary that they are unfamiliar with
since they really only get social, conversational, and informal language from
their peer interactions.
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Speculations: Part of me speculates that the subject specific terminology paired
with the videogame tailored lingo could potentially be overwhelming for this
student, but I could also see the format of the videogame helping to make them
feel more comfortable since they are learning novel concepts through a
medium and format they are much more familiar with in their personal life.
Feelings: This student is definitely moving through the assignment slower than
others, but they are making positive progress toward the completion of the
assignment. I feel like all of the vocabulary takes them a little more time to
understand, but they seem to be enjoying it. They are engaging with both the
researcher/observer as well as their peers for assistance.
Problems: As we continue playing different videogames, terminology and
navigation from game to game could get more complicated for this student,
especially as games get more complex and increase the number of rules they
have.
Ideas: Perhaps I could provide this student with a reference sheet for the game
terminology so that they can focus on the subject specific content and
vocabulary that the game is actually designed to cover.
Hunches: After my observations today, I need to make sure that this student
understands the controls and rules of the game so that they are not a hindrance
to their learning.
Impressions: Even though this student took longer to finish than some of the
other students in the classroom, they responded to the game positively and
were able to interact with their peers and superiors in such a way that worked
to scaffold them throughout their gameplay. I feel like this game and the
informal learning environment provided this student with the confidence they
needed to make mistakes and ask questions.

Table 4.7 Student #3 Journal Reflection Prompt After Playing Atom Builder
Date:
10/15/21
Date:
10/15/21
Date:
10/15/21
Date:
10/15/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? It was very
helpful in showing valence and total number of electrons.
What parts of the game did you dislike? I liked everything

What did you learn about chemistry today? That I can learn
chemistry concepts through playing games.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I felt like I participated in this
more than when we do notes and stuff.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree,
5 = strongly agree)

Statement
#1

It improved my sense of competency and confidence in my learning.
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Statement
#2

1

2

3

4

5

Statement
#3

It made me less afraid to make a mistake or more willing to try new
things.
1

2

3

4

5
Statement
#4

It made me feel like I was in control.
1

2
5

Statement
#5

3

4

This format of learning was related to my own personal interests.
1

2

3

4

5
I was influenced by the element of competition during gameplay.
1

2

3

4

5
Extended
Response
Question #5

Were you engaged in your learning during gameplay? Yes I found
myself less distracted.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree,
5 = strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

2

3

4

5

Statement
#2

I looked at the clock frequently during class.
1

2

3

4

5
Statement
#3

Statement
#4

My mind was on other things or leaving during class.
1

2

3

4

5
I learned and/or retained chemistry concepts that I otherwise do not
think I would have.

Statement
#5

1

2
5
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3

4

I would play this game at home in my spare time or socially with my
friends.
1

2

3

4

5

Figure 4.6 Student #4 Playing Atom Builder
Table 4.8 Observations of Student #4 Playing Atom Builder
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #1 – Atom Builder
#4
Date: 10/11/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Entire class (17 students) on Chromebooks or Smartphones
playing Atom Builder.
Dialogue: Lots of dialogue between table partners and amongst tables
regarding the game. At first mostly concerning how to get to the game and
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then shifting toward how to navigate the game itself. Some of them seem
rather skeptical, some seem excited, some are just happy to not be doing
anything with pencil or paper.
Individual Remarks:
“Okay so is this how I do this?”
“Does this look right?”
“Can I open up several windows of the game and create all of my atoms so you
just have to come by once and check all of them?”
Physical Setting: The classroom is dark with warm and screen lighting and the
door is closed. It is an overcast day with limited natural light coming in
through the window and curtain. Some students are still finishing up their
school breakfast. The classroom is chilly

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students must create twenty assigned atoms and have the
teacher/researcher check them off as they are completed. For each atom, the
element name, chemical symbol, atomic mass, atomic number, and the number
of protons, electrons, and neutrons must be labeled. Following this initial
assignment, students will choose ten of their own atoms to construct, and then
present an atomic creation of their choosing aloud to the class in a brief,
bulleted presentation that includes, the element’s state of matter, family name,
real world application, type of material, atomic mass, atomic number, and
number of subatomic particles.
Personal Thoughts: This student reports earning the highest average grades
and describes an overall indifference to the subject of science, rather than
disliking it totally. Considering this student’s previously known reputation and
current disposition in my classroom, I hope that the game-based learning
intervention will help them to understand content more easily as well as
expand upon their current knowledge base.
Speculations: This student reports spending the least amount of time playing
videogames when compared with the other five members of the case study,
only thirty minutes to an hour on their smartphone per day and does not
necessarily enjoy videogames enough to try and play them any more than that,
but did admit that if they had more time, they probably would play videogames
more often.
Feelings: I feel like this student is less impressed with the factors related to the
videogame such as graphics and earning points but seems to be more
motivated by the content itself and the assignment alone. At some point, she
did admit to preferring this mode of assignment to a pencil and paper
alternative.
Problems: This student was one of the first finished that day, and I found
myself giving her some extra atoms to complete for extra credit prior to
turning in her assignment. Perhaps this student will require an extension on
these assignments if they lack challenge or rigor, however this game does
cover one of the easier introductory concepts in this class.
Hunches: Going forward, I feel like it would be wise for me to design an
extension of learning for those individuals that have the potential to finish
quicker than other students, or perhaps have them go around and provide
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assistance as a more knowledgeable other to those who need additional
scaffolding.
Impressions: I was impressed with this student’s ability to navigate the
videogame and complete their tasks despite not personally considering
themselves a gamer. I think this evidence goes to show that games can be
useful MKO’s even if the student is not as familiar with a videogame format

Table 4.9 Student #4 Journal Reflection Prompt After Playing Atom Builder
Date:
10/15/21
Date:
10/15/21
Date:
10/15/21
Date:
10/15/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? I like that the
game was predictable and easy to control.
What parts of the game did you dislike? All of the clicking it required

What did you learn about chemistry today? I learned that the number of
protons determines the atomic number of an element.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? My learning was improved, and I
listened more than if I had to read something or listen to a boring lecture.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competency and confidence in my learning.
1

Statement
#2

Extended
Response
Question #5

2

3

4

5

2

3

4

5

2

3

4

5

I was influenced by the element of competition during gameplay.
1

Date:
10/15/21

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new things.
1

Statement
#3

2

2

3

4

5

Were you engaged in your learning during gameplay? Yes I found
myself engaged and I lost track of time.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5 =
strongly agree)
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Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

5

2

3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think I
would have.
1

Statement
#5

4

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

Figure 4.7 Student #5 Playing Atom
Builder
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5

Table 4.10 Observations of Student #5 Playing Atom Builder
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #1 – Atom Builder
#5
Date: 10/11/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Entire class (17 students) on Chromebooks or Smartphones
playing Atom Builder.
Dialogue: Lots of dialogue between table partners and amongst tables
regarding the game. At first mostly concerning how to get to the game and
then shifting toward how to navigate the game itself. Some of them seem
rather skeptical, some seem excited, some are just happy to not be doing
anything with pencil or paper.
Individual Remarks:
“I am going to beat you”
“I am already past that one”
“Oh that one was so easy”
“I bet I could beat you at this game Mr. Lackey”

Physical Setting: The classroom is dark with warm and screen lighting and the
door is closed. It is an overcast day with limited natural light coming in
through the window and curtain. Some students are still finishing up their
school breakfast. The classroom is chilly.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students must create twenty assigned atoms and have the
teacher/researcher check them off as they are completed. For each atom, the
element name, chemical symbol, atomic mass, atomic number, and the number
of protons, electrons, and neutrons must be labeled. Following this initial
assignment, students will choose ten of their own atoms to construct, and then
present an atomic creation of their choosing aloud to the class in a brief,
bulleted presentation that includes, the element’s state of matter, family name,
real world application, type of material, atomic mass, atomic number, and
number of subatomic particles.
Personal Thoughts: This student manages to get their work turned in but seems
to be more productive outside of class than inside of class. This particular
individual will stay awake for lessons, but as soon as it is time to apply the
lesson through an assignment, this student shuts down and will either put their
headphones in, put their head down, or even fall asleep at times. They do work
very hard every day after school at their fast food job until late hours at night,
so this is a complex individual situation to say the least.

104

Speculations: Considering this student struggles to complete their regular
classwork assignments, I speculate that this student could see the game as a
potential reason to not take the assignment as seriously and have all the more
reason to tune it out.
Feelings: This student is awake and participating! I did not expect to observe
this happening but am pleased to see they are currently engaged. In addition,
they seem to be understanding the tasks in the videogame and how this
correlates with the lesson on calculating the correct number of subatomic
particles from the atomic number and atomic mass.
Problems: This student was almost too focused just on winning, and not
necessarily on the quality of learning that takes place as the atom building goes
from simple to more complex. It was all about competition, which I do not
think is necessarily a problem but could potentially be a positive source of
motivation.
Ideas: It was all about competition, which I do not think is necessarily a
problem but could potentially be a positive source of motivation.
Hunches: This student reports playing shooting games often with their brothers
online, and I am wondering if this individual typically associates gaming with
competition.
Impressions: This student worked very hard on their assignment today and was
able to finish during class time quicker than most other students. While this
student demonstrated mastery of the standards and skills being taught,
according to my observations this student tended to focus on the factors related
to the videogame, especially those that are associated with competition.
Perhaps if this concept of competition can be transferred to other aspects of
their learning, they would be more motivated to work on assignments
throughout the school day, rather than waiting until they were outside of
school to complete them.

Table 4.11 Student #5 Journal Reflection Prompt After Playing Atom Builder
Date:
10/15/21

Date:
10/15/21

Date:
10/15/21

Date:
10/15/21

Extended
Response
Question
#1
Extended
Response
Question
#2
Extended
Response
Question
#3
Extended
Response
Question
#4

What parts of the game did you like or find enjoyable? I thought the
graphics were really cool and it made it easier to see the structure of atoms.

What parts of the game did you dislike? How long it took to build each atom.

What did you learn about chemistry today? How and why some atoms can
be unstable

How was your motivation to learn chemistry impacted, compared to more
traditional methods of teaching? Yes I thought this was an easier way to
visualize an atom rather than drawing them.
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(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5 =
strongly agree)
Statement
#1

It improved my sense of competency and confidence in my learning.
1

Statement
#2

Statement
#4

Statement
#5

Extended
Response
Question
#5
Statement
#1

1

2

1

5

3

4

5

2

3

4

5

2

3

4

5

Were you engaged in your learning during gameplay? Yes I was using my
phone and computer for schoolwork instead of social or personal stuff. (1 =
strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5 = strongly agree)
I lost track of or awareness of time during gameplay.
2

3

4

5

4

5

4

5

I looked at the clock frequently during class.
2

3

My mind was on other things or leaving during class.
2

3

I learned and/or retained chemistry concepts that I otherwise do not think I
would have.
1

Statement
#5

4

I was influenced by the element of competition during gameplay.

1
Statement
#4

3

2

1
Statement
#3

5

This format of learning was related to my own personal interests.

1
Statement
#2

4

It made me feel like I was in control.

1
Date:
10/15/21

3

It made me less afraid to make a mistake or more willing to try new things.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my friends.
1

2

3
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5

Figure 4.8 Student #6 Playing Atom Builder
Table 4.12 Observations of Student #6 Playing Atom Builder
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #1 – Atom Builder
#6
Date: 10/11/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Entire class (17 students) on Chromebooks or Smartphones
playing Atom Builder.
Dialogue: Lots of dialogue between table partners and amongst tables
regarding the game. At first mostly concerning how to get to the game and
then shifting toward how to navigate the game itself. Some of them seem
rather skeptical, some seem excited, some are just happy to not be doing
anything with pencil or paper.
Individual Remarks:
“Is it really already time to go?”
“Dude, class is almost over”

107

Physical Setting: The classroom is dark with warm and screen lighting and the
door is closed. It is an overcast day with limited natural light coming in
through the window and curtain. Some students are still finishing up their
school breakfast. The classroom is chilly

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students must create twenty assigned atoms and have the
teacher/researcher check them off as they are completed. For each atom, the
element name, chemical symbol, atomic mass, atomic number, and the number
of protons, electrons, and neutrons must be labeled. Following this initial
assignment, students will choose ten of their own atoms to construct, and then
present an atomic creation of their choosing aloud to the class in a brief,
bulleted presentation that includes, the element’s state of matter, family name,
real world application, type of material, atomic mass, atomic number, and
number of subatomic particles.
Personal Thoughts: This specific student does not particularly enjoy being in
the formal classroom. In fact, they tend to ask to leave every chance they get,
from the bathroom to the nurse, to forgetting stuff in their other teacher’s
classroom, or perhaps just grabbing a snack at our school store or getting
something to drink from our school coffee shop. There is always something
with this student.
Speculations: I think this student could potentially see playing games in class
as an excuse to leave the classroom. If we don’t have pencil and paper out, it
could seem as if this assignment is not important or not necessarily for a grade.
I could also see this student being encouraged by the less formal classroom
setup that they obviously are not too keen on.
Feelings: This student has not yet asked to leave for any reason at all other
than to go and use the bathroom one time. Normally, I get about three to five
requests from this individual student per class. After observing today, I
definitely feel like the game had something do with this. This student sits at the
only table of three and while they typically are making plans to get out of the
classroom, this did not seem to be the case today.
Problems: Once again, these three students wanted to work together from a
single computer, while completing their own individual assignments. While
this certainly does contribute to the idea that games are social, all students need
to be making sure that they have achieved mastery and are not relying on the
expertise of another.
Ideas: As we continue to play different games from week to week during the
study, I want to allow players to socially engage and work together from one
screen if this is their choice, they will just be required to complete a certain
portion of the game individually on their own screen to verify that they
understand the controls, rules, and terminology.
Hunches: As I have been observing throughout this first week, it has become
commonplace for some table partners to naturally desire working together
from one screen to complete their own assignments, while with others it does
not really seem to come up and they want to complete their assignments
individually.
Impressions: As a result of the lack of desire to leave class and their surprise at
how quickly class went by, I am left with a sense that this student was more
engaged when their assignment takes place through the format of a videogame
and actually lost track of time.
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Table 4.13 Student #6 Journal Reflection Prompt After Playing Atom Builder
Date:
10/15/21
Date:
10/15/21
Date:
10/15/21
Date:
10/15/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? Building the
atoms and being able to easily see their structure.
What parts of the game did you dislike? All of the clicking

What did you learn about chemistry today? How many protons,
electrons, and neutrons certain atoms are made of.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? Yes this was much better than
having to take notes or listen to the teacher.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competency and confidence in my learning.
1

Statement
#2

2

2

5

4

5

5

2

3

4

5

I was influenced by the element of competition during gameplay.
1

Extended
Response
Question #5

4

This format of learning was related to my own personal interests.
1

Date:
10/15/21

3

2
3

Statement
#5

5

It made me feel like I was in control.
1

Statement
#4

4

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

3

2

3

4

5

Were you engaged in your learning during gameplay? Yeah I thought
this game was really fun it made class go by quick.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

2

3

I looked at the clock frequently during class.
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4

5

1
Statement
#3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

3

My mind was on other things or leaving during class.
1

Statement
#4

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

4

5

In order to collect data on and analyze the motivational effect of the GBL
intervention on the case study participants, Ryan and Deci’s (2000a) self-determination
theory was used as the framework for outlining and defining the categories concerning
motivation including competence, autonomy, and relatedness. After playing each of the
five videogames, student case-study participants were provided with a journal reflection
prompt that contained the following statements to rate within the fourth extended
response question, the first statement says, “It improved my sense of competency and
confidence in my learning,” the third statement says, “it made me feel like I was in
control,” and the fourth statement says, “this format of learning was related to my own
personal interests.” Students were asked to provide a scale rating ranging from 1 to 5 for
each of these three statements, with a rating of one indicating an opinion of strong
disagreement, two indicating disagreement, three representing indifference, four
indicating agreement, and a rating of five indicating a strong agreement. After playing
Game #1 (Figure 4.2), students provided an average competence rating of 4.0 in response
to the first statement concerning competence, indicating they generally agreed upon the
idea that this game increased their sense of competence when learning this particular
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academic chemistry standard. In response to the third statement, an average rating of 4.33
was reported when students were asked if this game provided them with a sense of
control or autonomy, meaning they generally agree with the consensus that they were
able to make their own decisions as they played Game #1 (Figure 4.2). Finally, when
asked if this game was related to their own interests IRL, in response to the fourth
statement the six case study participants gave an average rating of 3.83, indicating that
most of the case study participants agreed that playing this videogame exhibits
relatedness to their activities in their personal and social lives.
In addition to the average scale ratings of student responses, other journal
reflection and observational data also support the notion that student’s experienced
sensations of motivation in the form of competence, autonomy, and relatedness. When
asked in the fourth extended response question of the journal reflection, “How was your
motivation to learn chemistry impacted compared to more traditional methods of
teaching?” All of the case study participants not only admitted “yes” to being motivated,
but Student #1 (Table 4.3) stated “it was way more entertaining”, Student #2 (Table 4.5)
said “I was definitely more interested in this”, Student #3 (Table 4.7) claimed that they
“felt like they participated more than when we do notes and stuff”, while Student #5
(Table 4.11) thought that this GBL assignment provided “an easier way to visualize an
atom” when compared to having to draw them and Student #6 (Table 4.13) felt that they
were much more motivated to play games rather than “having to take notes or listen to
the teacher.” In regard to competence, during gameplay of the first game, both Student #2
(Table 4.4) and Student #5 (Table 4.10) were observed saying “that one was easy!” and
“oh that one was so easy”, while Student #4 (Table 4.8) had the confidence to ask their
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partner, “is this how I do it?” and “does this look right?” within their recorded dialogue.
In terms of autonomy, Student #1 (Table 4.3, Extended Response Question #1) admitted
to liking “how simple the game was” and Student #4 (Table 4.9, Extended Response
Question #1) claimed “that the game was predictable and easy to control” within their
journal reflection prompts. In regard to the relatedness of the first game, Student #3
(Table 4.6) was observed saying aloud to the class, “You know, this is actually pretty
cool” and admitted to really liking the graphics of the game during their observationally
recorded dialogue.
Csikszentmihalyi (1988) outlined high quality engagement as a state of flow that
is defined by characteristics including loss of awareness or sense of time, as well as
undistracted and uninterrupted focus on learning or completion of the task at hand. With
that being said, in order to collect data on and analyze the engagement of the case-study
participants during their journal response, the students were presented with the following
statements to rate as a part of the fifth extended response question; the first statement
says “I lost track of or awareness of time during gameplay”, the second statement says “I
looked at the clock frequently during class”, the third statement says “My mind was on
other things or leaving during class”, and the fourth statement says “I learned and/or
retained chemistry concepts that I otherwise do not think I would have.” Students were
asked to provide a scale rating ranging from 1 to 5 for each of these statements, with a
rating of one indicating an opinion of strong disagreement, two indicating disagreement,
three representing indifference, four indicating agreement, and a rating of five indicating
strong agreement. After playing Game #1 (Figure 4.2), students provided an average
scale rating of 4 to the first statement, meaning that they generally agreed they lost their

112

sense of time as they played the videogames during class. In addition, the case study
participants reported an average scale rating of 1.67 in response to the second statement
when asked if they looked at the clock frequently during class, indicating a general
disagreement that there was a concern for the amount of class time remaining.
Furthermore, students experienced limited distractions and interruptions during the GBL
process as they collectively provided a scale rating of 1.83 in response to the third
statement, showing that they disagreed when asked if their mind was on other things or if
they were wanting to leaving during class. Lastly, students reported an average of 4.33 in
response to the fourth statement, indicating they agreed when asked if they felt like the
GBL intervention helped them learn a chemistry concept or standard that they otherwise
might have not been motivated to learn or had a little trouble understanding.
In addition to the average scale ratings of the six case study participants,
observational data and other journal reflection responses also support the notion that
student’s experienced sensations of flow or engagement in the form of a loss of
awareness of time, being distracted less, a reduced frequency of interruptions, and their
learning of the chemistry concept or standard being taught through the videogame. In
regards to the participants’ awareness of time that was inquired upon during the fifth
extended response question of the journal prompt, Student #1 (Table 4.3) found
themselves “looking at the time on their phone less,” while Student #4 (Table 4.9)
admitted to finding themselves engaged and losing “track of time,” and Student #6 (Table
4.12) was observed saying “Dude, class is almost over, is it really already time to go?”
and even admitted that they “thought the game was really fun and made class go by
quick” within their recorded dialogue. In addition, Student #2 (Table 4.5) reported being
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engaged and “distracted less by other people and their phone”, while Student #3 (Table
4.7) reported that they felt “less distracted” during the fifth extended response question.
Furthermore, students reported learning a wide variety of concepts during the third
extended response question within the journal reflection prompt as a result of playing the
videogame. Student #1 (Table 4.3) stated, “I learned a lot about valence electrons”,
Student #2 (Table 4.5) learned “how many subatomic particles it takes to build certain
types of atoms”, Student #4 (Table 4.9) learned “that the number of protons determines
the atomic number of an element” Student #5 (Table 4.11) learned “how and why some
atoms can be unstable”, and Student #6 (Table 4.13) gained an understanding of “how
many protons, electrons, and neutrons certain atoms are made of”.
Game #2: Bond Breaker
Bond Breaker was created and developed by researchers at the National Science
Foundation (NSF) funded Center for Chemistry at the Space-Time Limit (CaSTL)
located at the University of California Irvine in collaboration with TestTube games
(CaSTL 2014). It is easily accessible, free, and available as a mobile application as well
as is offered as a web-based version that can be played on the computer. According to the
scientists at UC Irvine, “this is truly the most accurate chemistry and physics engine to
date”, as students encounter and interact with real atomic forces, “they won’t just be
learning how to beat challenging puzzles” but “be gaining a new understanding of the
atomic world” (CaSTL, 2014).
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Figure 4.9 Bond Breaker Gameplay
State Academic Chemistry Standard(s)
CHEM1.PS1:12) Matter and Its Interactions: Explain the origin and organization
of the Periodic Table. Predict chemical and physical properties of main group elements
(reactivity, number of subatomic particles, ion charge, ionization energy, atomic radius,
and electronegativity) based on location on the periodic table. Construct an argument to
describe how the quantum mechanical model of the atom (e.g., patterns of valence and
inner electrons) defines periodic properties. Use the periodic table to draw Lewis dot
structures and show understanding of orbital notations through drawing and interpreting
graphical representations (i.e., arrows representing electrons in an orbital).
CHEM1.PS2:2) Motion and Stability: Forces and Interactions - Understand that
molecular forces created by the unequal distribution of charge result in varying degrees
of attraction between molecules. Compare and contrast the intermolecular forces
(hydrogen bonding, dipole-dipole bonding, and London dispersion forces) within
different types of simple substances (only those following the octet rule) and predict and
explain their effect on chemical and physical properties of those substances using models
or graphical representations.
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CHEM1.PS4:1) Waves and Their Applications in Technologies for Information
Transfer - Using a model, explain why elements emit and absorb characteristic
frequencies of light and how this information is used.

Figure 4.10 Student #1 Playing Bond
Breaker
Table 4.14 Observations of Student #1 Playing Bond Breaker
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #2 – Bond Breaker
#1
Date: 10/18/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Two in the class are absent, 15 total students are participating
using their Chromebook or smartphone, all case study members are present.
Dialogue: As students watch a video tutorial and guide on Bond Breaker
through YouTube, they begin discussing the gameplay and graphics. The
general sense of the class is that they are going to enjoy this game a little more
than the last game.
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Individual Remarks:
“Mr. Lackey is Hydrogen or Helium the smaller atom?”
“No! No! No!”
“This game is so much fun”
“Look you are positive so you will attract those circles to the button and then
be able to go through the door”

Physical Setting: The classroom is cold, and all of the lights are off. The room
is lit from screens and one small desk lamp. It is storming and raining outside,
allowing very little natural light into the room. Many students are still finishing
up their school breakfast chicken biscuit and juice. The students all seem pretty
exhausted on this gloomy morning.
Activities: The students will use the information learned from the last game
and apply their knowledge of subatomic particles to explore the structure of
atoms, and the role that charges play in maintaining their form, as well as
bonding with other elements to form ionic and covalent compounds. For their
assignments, students must complete all game levels and submit a photo of
their screen as proof. In addition, they will complete in game quizzes as they
advance from level to level, and lastly create their own level of their own
design and creation at the end of the lesson.
Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: As this student took their seat today, they seemed excited
and perked up a little once they figured out we would be playing another
videogame for our lesson. I could see them clicking ahead through the links in
order to get to the game and I noticed that they took their earbuds off in order
to hear the game.
Speculations: I speculated that this sudden rise in demeanor could be a result
of the alternative teaching methods, so I asked them if they preferred this type
of learning to taking notes and completing worksheets, to which they replied
“oh, most definitely”.
Feelings: When I compare this student’s activity and social engagement during
game-based instruction with more traditional methods of teaching, I feel like it
is night and day. I hear this student speak way more during gameplay and have
conversations directed toward the chemistry content.
Problems: One level in particular caused the whole class problems and we had
a little trouble figuring it out. This student was actually the one that was able to
solve the puzzle. I had them show the class how to advance after we all tried
for a little longer and you could tell this really increased their confidence as
they returned to their seat.
Ideas: The speed in which this student was able to solve this puzzle despite the
chemical knowledge of the teacher/researcher goes to show that familiarity and
relatedness with the medium and format of a game can actually support the
ability of students to apply novel content knowledge since this puzzle required
both types to solve.
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Hunches: Is familiarity with videogames and their controls/rules the same
thing as relatedness or do these two categories somehow differ? It seems that
familiarity is increasingly becoming a common reoccurring theme in my
observations.
Impressions: Overall, this student seemed to have an elevated demeanor while
playing the game. There was a clear emotional investment as the student would
celebrate beating levels and express frustration when he would have to start
back to the beginning. This connection with mood, attitude, and gaming offers
an interesting link.

Table 4.15 Student #1 Journal Reflection Prompt After Playing Bond Breaker
Date:
10/22/21
Date:
10/22/21
Date:
10/22/21
Date:
10/22/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? I liked how
the levels got harder and harder.
What parts of the game did you dislike? The cheesy cut scenes

What did you learn about chemistry today? That opposite charges
attract
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I felt like this game kept my
attention really well I liked solving the puzzles.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

5

2

3

4

5

2

3

4

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

I was influenced by the element of competition during gameplay.
1

2
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3

4

5

Date:
10/22/21

Extended
Response
Question #5

Were you engaged in your learning during gameplay? Yes this game
is more like a game I would play at home on my phone.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

5

2

3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

4

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

Figure 4.11 Student #2 Playing Bond
Breaker
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4

5

Table 4.16 Observations of Student #2 Playing Bond Breaker
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #2 – Bond Breaker
#2
Date: 10/18/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Two in the class are absent, 15 total students are participating
using their Chromebook or smartphone, all case study members are present.
Dialogue: As students watch a video tutorial and guide on Bond Breaker
through YouTube, they begin discussing the gameplay and graphics. The
general sense of the class is that they are going to enjoy this game a little more
than the last game.
Individual Remarks:
“Hey what level are you on?”
“This makes me feel smart”
“I like this game more than the last game”
“Ahh man! No way!”
Physical Setting: The classroom is cold, and all of the lights are off. The room
is lit from screens and one small desk lamp. It is storming and raining outside,
allowing very little natural light into the room. Many students are still finishing
up their school breakfast chicken biscuit and juice. The students all seem pretty
exhausted on this gloomy morning.
Activities: The students will use the information learned from the last game
and apply their knowledge of subatomic particles to explore the structure of
atoms, and the role that charges play in maintaining their form, as well as
bonding with other elements to form ionic and covalent compounds. For their
assignments, students must complete all game levels and submit a photo of
their screen as proof. In addition, they will complete in game quizzes as they
advance from level to level, and lastly create their own level of their own
design and creation at the end of the lesson.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: After seeing this student respond positively during Game
1/Week 1 of the intervention, I am excited to see how they respond as they
play Bond Breaker during Week 2. When they learned that they would be
playing the next videogame, there was a noticeable increase in mood and
energy level. The student quickly wanted to know how to log on and play but
was still getting settled in.
Speculations: I definitely feel like the idea of playing a video game for
schoolwork has attracted the attention of this student. They asked, “How long
will we be doing this for?”

120

Feelings: I have the feeling that this student may become more game focused,
and less content focused, it seems that a balanced attention to the game and
content is the sweet spot, and not getting too hyper focused on both promotes a
smoother experience.
Problems: I could foresee this student potentially ignoring the content
knowledge and standards that the games cover, and the videogame dominates
the emphasis.
Ideas: I think giving this student a reference guide on gameplay connections to
content knowledge could potentially benefit their learning. If they had a visual
reference for how gameplay translates to the standards we cover in chemistry,
this could work in promoting mastery.
Hunches: I have a hunch that analyzing gameplay and relating them to the
standards in order to develop “cheat sheets” could potentially benefit several
students
Impressions: It was nice to see this student maintain the same level of
engagement from Week 1 to Week 2. It was clearly evident that they were
highly motivated to play the game as a result of their level of personal interest
in video games and degree of social interaction and tended to disregard the
factors related to content knowledge as well as the assignment.

Table 4.17 Student #2 Journal Reflection Prompt After Playing Bond Breaker
Date:
10/22/21
Date:
10/22/21
Date:
10/22/21
Date:
10/22/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? The fact that
everyone was doing it and I wanted to be first
What parts of the game did you dislike? Nothing really to complain
about since it’s a learning science based game
What did you learn about chemistry today? I learned that helium is the
smallest atom
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? My confidence grew as I learned
more even though the levels got more difficult
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

3

4

5

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

It made me feel like I was in control.
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4

5

1
Statement
#4

Extended
Response
Question #5

4

5

2

3

4

5

I was influenced by the element of competition during gameplay.
1

Date:
10/22/21

3

This format of learning was related to my own personal interests.
1

Statement
#5

2

2

3

4

5

Were you engaged in your learning during gameplay? Yeah this one
was actually a lot of fun; I didn’t expect to like it so much.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

Statement
#4

4

5

2

3

4

5

4

5

My mind was on other things or leaving during class.
1

2

3

I learned and/or retained chemistry concepts that I otherwise do not think I
would have.
1

Statement
#5

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3
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4

5

Figure 4.12 Student #3 Playing Bond
Breaker
Table 4.18 Observations of Student #3 Playing Bond Breaker
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #2 – Bond Breaker
#3
Date: 10/18/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Two in the class are absent, 15 total students are participating
using their Chromebook or smartphone, all case study members are present.
Dialogue: As students watch a video tutorial and guide on Bond Breaker
through YouTube, they begin discussing the gameplay and graphics. The
general sense of the class is that they are going to enjoy this game a little more
than the last game.
Individual Remarks:
“I am glad I just go back to the beginning of the level when I mess up”
“This is so fun”
“This level is crazy!”
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Physical Setting: The classroom is cold, and all of the lights are off. The room
is lit from screens and one small desk lamp. It is storming and raining outside,
allowing very little natural light into the room. Many students are still finishing
up their school breakfast chicken biscuit and juice. The students all seem pretty
exhausted on this gloomy morning.
Activities: The students will use the information learned from the last game
and apply their knowledge of subatomic particles to explore the structure of
atoms, and the role that charges play in maintaining their form, as well as
bonding with other elements to form ionic and covalent compounds. For their
assignments, students must complete all game levels and submit a photo of
their screen as proof. In addition, they will complete in game quizzes as they
advance from level to level, and lastly create their own level of their own
design and creation at the end of the lesson.
Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: I feel like this student will enjoy this game because it
involves less of the subject specific vocabulary, and it provides a great visual
for many of the relationships between the particles in atoms. For example,
phrases such as positively charged protons, negatively charged electrons,
attraction, and repulsion becomes easier to understand whenever they actually
see these two particles interact in the game and attract each other, as well as
seeing similar charges repel each other.
Speculations: I think this student will enjoy the way gameplay provides them
with a visual for the subject specific terminology that this game is used to
explore and investigate.
Feelings: This student is smiling and emotionally responding to successes and
failures within the game. They will celebrate with their table mate as they
move on to each level and express frustration if their character dies and they
have to start over the puzzle level. I feel like they are really getting into it and
have a much higher level of motivation when compared with alternative
vocabulary assignments.
Problems: During my observations, it seemed that for some students this game
had both very easy levels and very difficult levels. Although they were all able
to make it through the entire game, there were definitely some that seemed to
add to the frustration level. It is clear that emotional investment and
engagement is evident.
Ideas: This student appreciated the reference resource that lists both the in
game, subject specific terminology, as well as a brief description of controls
and rules.
Hunches: I have a hunch that this student is beginning to get more and more
comfortable navigating the videogames from their Chromebook. This student
even commented on it being “okay when they mess up or don’t get something”
Impressions: I was left with the impression that this student enjoyed their
learning in class today as a result of the actions I observed and the dialogue I
heard. It was great to see this student relax a little rather than dealing with the
stress of a more traditional, summative assignment.
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Table 4.19 Student #3 Journal Reflection Prompt After Playing Bond Breaker
Date:
10/22/21
Date:
10/22/21

Date:
10/22/21
Date:
10/22/21

Extended
Response
Question #1
Extended
Response
Question #2

What parts of the game did you like or find enjoyable? I really liked
the puzzles on each level, it got more fun when we started to get more
competitive.

Extended
Response
Question #3
Extended
Response
Question #4

What did you learn about chemistry today? I learned that positively
charged atoms and negatively charged atoms bond.

What parts of the game did you dislike? How sometimes to most the
times I would lose.

How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? It’s been more fun and down to
earth I just think no other class would be as good just cause the work is
so easy to learn and access.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competency and confidence in my learning.
1

Statement
#2

4

5

2

3

4

5

4

5

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

This format of learning was related to my own personal interests.
1

2

3

4

5

I was influenced by the element of competition during gameplay.

Date:
10/22/21

Statement
#5
Extended
Response
Question #5

1

2

3

4

5

Were you engaged in your learning during gameplay? Yes I thought
this game was pretty cool, it is a lot like a couple of other puzzle games I
play.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)
I lost track of or awareness of time during gameplay.
1

2
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3

4

5

I looked at the clock frequently during class.
1

2

3

4

5

4

5

My mind was on other things or leaving during class.
1

2

3

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

Figure 4.13 Student #4 Playing
Bond Breaker
Table 4.20 Observations of Student #4 Playing Bond Breaker
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #2 – Bond Breaker
#4
Date: 10/18/21
Time: 8:00am – 9:45am
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4

5

Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Two in the class are absent, 15 total students are participating
using their Chromebook or smartphone, all case study members are present.
Dialogue: As students watch a video tutorial and guide on Bond Breaker
through YouTube, they begin discussing the gameplay and graphics. The
general sense of the class is that they are going to enjoy this game a little more
than the last game.

Individual Remarks:
“Do you want me to help you with that one?”
“This game is my favorite we have played so far”
Physical Setting: The classroom is cold, and all of the lights are off. The room
is lit from screens and one small desk lamp. It is storming and raining outside,
allowing very little natural light into the room. Many students are still finishing
up their school breakfast chicken biscuit and juice. The students all seem pretty
exhausted on this gloomy morning.
Activities: The students will use the information learned from the last game
and apply their knowledge of subatomic particles to explore the structure of
atoms, and the role that charges play in maintaining their form, as well as
bonding with other elements to form ionic and covalent compounds. For their
assignments, students must complete all game levels and submit a photo of
their screen as proof. In addition, they will complete in game quizzes as they
advance from level to level, and lastly create their own level of their own
design and creation at the end of the lesson.
Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: This student seemed excited and relieved today as she
found out we were playing another videogame for the lesson. As a result of her
response, I think she is going to do well with this particular game. As they
opened their Chromebook up they said, “I love this new game thing we are
doing, will we do this all year?”
Speculations: This game plays much more like a mobile puzzle game from
your phone like this student reports they are familiar with playing, so I am
wondering if she will make that connection.
Feelings: I feel like this student understands the game very well and is able to
connect the gameplay with the chemistry content that this lesson covers. They
quickly became aware that as a positively charged hydrogen atom character
they were able to attract negatively charged particles and molecules as well as
repel positively charged particles and molecules in order to get to the buttons
and solve the puzzles.
Problems: This student is moving so at a good pace through the game and
embedded quiz questions along with a couple of others! She finished early
enough that I showed her the second version of this game that includes more
levels than the first, and she even designed a few of her own levels and began
to help others on their game and assignment.
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Ideas: Going forward this student will continue to need an extension of
learning and be utilized as an MKO.
Hunches: I have a hunch that this student is really enjoying this format of
learning. They were smiling, laughing, and going back and forth with their
tablemates and surrounding classmates.
Impressions: Along with a few others, this game seems to bring out the social
butterfly in this particular student, yet all of the conversation and dialogue that
takes place centers on the game and how to beat it, and therefore indirectly
about chemistry content. It is almost as if the game puts the content knowledge
into a format of language that makes it socially acceptable to communicate
about, otherwise it is difficult to have students direct their conversation toward
their learning and not toward their social or personal lives.

Table 4.21 Student #4 Journal Reflection Prompt After Playing Bond Breaker
Date:
10/22/21

Date:
10/22/21

Date:
10/22/21

Date:
10/22/21

Extended
Response
Question
#1
Extended
Response
Question
#2
Extended
Response
Question
#3
Extended
Response
Question
#4

What parts of the game did you like or find enjoyable? How each level
had its own strategy.

What parts of the game did you dislike? The cheesiness of the characters
explaining the game.

What did you learn about chemistry today? Different molecules and
atoms have certain characteristics that influence how they bond or don’t
bond.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? It made me learn more because it
was more fun and intriguing.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5 =
strongly agree)

Statement
#1

It improved my sense of competency and confidence in my learning.
1

2

3

4

5

It made me less afraid to make a mistake or more willing to try new things.
Statement
#2

1

2

3

4

5

4

5

It made me feel like I was in control.
Statement
#3

Statement
#4

1

2

3

This format of learning was related to my own personal interests.
1

2

3

4

I was influenced by the element of competition during gameplay.
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5

Date:
10/22/21

Statement
#5
Extended
Response
Question
#5

Statement
#1

1
2
3
4
Were you engaged in your learning during gameplay? Yes the
competition highly influenced me to play and retain the information.

(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5 =
strongly agree)
I lost track of or awareness of time during gameplay.
1

Statement
#2

4

5

2

3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think I
would have.
1

Statement
#5

3

My mind was on other things or leaving during class.
1

Statement
#4

2

I looked at the clock frequently during class.
1

Statement
#3

5

2

3

4

5

I would play this game at home in my spare time or socially with my friends.
1

2

3

Figure 4.14 Student #5 Playing
Bond Breaker
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4

5

Table 4.22 Observations of Student #5 Playing Bond Breaker
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #2 – Bond Breaker
#5
Date: 10/18/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Two in the class are absent, 15 total students are participating
using their Chromebook or smartphone, all case study members are present.
Dialogue: As students watch a video tutorial and guide on Bond Breaker
through YouTube, they begin discussing the gameplay and graphics. The
general sense of the class is that they are going to enjoy this game a little more
than the last game.
Individual Remarks:
“I am ahead of you!”
“What level are you on?”
“How did you get past this part?”
“Which element are you supposed to bond with first”.
Physical Setting: The classroom is cold, and all of the lights are off. The room
is lit from screens and one small desk lamp. It is storming and raining outside,
allowing very little natural light into the room. Many students are still finishing
up their school breakfast chicken biscuit and juice. The students all seem pretty
exhausted on this gloomy morning.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: The students will use the information learned from the last game
and apply their knowledge of subatomic particles to explore the structure of
atoms, and the role that charges play in maintaining their form, as well as
bonding with other elements to form ionic and covalent compounds. For their
assignments, students must complete all game levels and submit a photo of
their screen as proof. In addition, they will complete in game quizzes as they
advance from level to level, and lastly create their own level of their own
design and creation at the end of the lesson.
Personal Thoughts: After seeing this student thrive last week and manage to
stay awake and complete their classwork assignment, I am hopeful that this
week will achieve the same result, as most students have seemed to respond
even more positively to this game, and I believe it has to do with the similarity
it has with some of the puzzle phone games they like to play such as Where is
Your Water? This student admitted to liking the way this game looked more as
she watched the video tutorial.
Speculations: I speculate that this student will stay awake today and complete
their assignment despite being really tired from work the previous night.
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Feelings: I feel like this individual responded positively to the videogame
today. They had authentic emotional responses as they would play. They
would celebrate moving onto the next level and express frustration as they
failed and had to start over. The element of competition was strong during this
game, as students were constantly checking each other’s progress and score.
Problems: I feel like healthy competition is a good thing, but videogames
could potentially bring out too much competition at times? I had to tell this
student to “take it easy” on one particular trash talking comment, but I know it
was all in good fun.
Ideas: Maybe I could assign players to groups with varied ability level in the
future and specifically look at how competition can be a motivating factor.
Hunches: How much does social status influence competition? How much
does competition influence motivation? It is interesting to see how some
students do not like to lose to other students, but don’t mind losing to their
friend, or someone they know/from the same social circle.
Impressions: I am impressed with the level of collaboration and competition
that gaming brings about. It is very uniting, almost as if we are all taking part
in one big discussion and all using a common language to explain ourselves.

Table 4.23 Student #5 Journal Reflection Prompt After Playing Bond Breaker
Date:
10/22/21
Date:
10/22/21
Date:
10/22/21
Date:
10/22/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? I liked how
you could see the atoms connect and see the protons push each other
away.
What parts of the game did you dislike? There really isn't anything I
didn't like about the game.
What did you learn about chemistry today? That helium is the
smallest atom
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I felt like this matches my
learning style a bit better. I am a visual person so learning with games
really helps.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competency and confidence in my learning.
1

Statement
#2

3

4

5

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

4

5

It made me feel like I was in control.
1

2
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3

Statement
#4

This format of learning was related to my own personal interests.
1

Statement
#5

Extended
Response
Question #5

3

4

5

I was influenced by the element of competition during gameplay.
1

Date:
10/22/21

2

2

3

4

5

Were you engaged in your learning during gameplay? Very much so,
I liked the game so much I forgot I was doing chemistry.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

3

4

5

4

5

4

5

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

My mind was on other things or leaving during class.
1

2

3

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
Statement
#4

1

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
Statement
#5

1

2
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3

4

5

Figure 4.15 Student #6 Playing Bond
Breaker
Table 4.24 Observations of Student #6 Playing Bond Breaker
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #2 – Bond Breaker
#6
Date: 10/18/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: Two in the class are absent, 15 total students are participating
using their Chromebook or smartphone, all case study members are present.
Dialogue: As students watch a video tutorial and guide on Bond Breaker
through YouTube, they begin discussing the gameplay and graphics. The
general sense of the class is that they are going to enjoy this game a little more
than the last game.
Individual Remarks:
“Why is this game so fun?”
“I definitely prefer to learn chemistry this way Mr. Lackey!”
“No I almost had it!”
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Physical Setting: The classroom is cold, and all of the lights are off. The room
is lit from screens and one small desk lamp. It is storming and raining outside,
allowing very little natural light into the room. Many students are still finishing
up their school breakfast chicken biscuit and juice. The students all seem pretty
exhausted on this gloomy morning.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: The students will use the information learned from the last game
and apply their knowledge of subatomic particles to explore the structure of
atoms, and the role that charges play in maintaining their form, as well as
bonding with other elements to form ionic and covalent compounds. For their
assignments, students must complete all game levels and submit a photo of
their screen as proof. In addition, they will complete in game quizzes as they
advance from level to level, and lastly create their own level of their own
design and creation at the end of the lesson.
Personal Thoughts: Once again I find myself hoping that the videogame today
will help this particular student stay on task and inside of the classroom. There
was a much lower frequency of asking for reasons to leave when compared
with last week and that seems to be this student’s biggest issue during the
school day.
Speculations: Since this student reports being personally interested in playing
videogames, especially with their brothers and friends, and they spend time
outside of the classroom playing them, they feel like they can relate more and
connect with this type of learning. They alluded to the fact that videogames
give them the control.
Feelings: Since players control their positively charged hydrogen atom
character with the move of the mouse and can manipulate their environment
through clicking, I feel like this game has flowed pretty well for most students.
I particularly like how the entire game is controlled using the mouse and no
keyboard is required.
Problems: Once again I felt parts of this game were too easy and there seem to
be a level or two that are pretty difficult. As multiple players in the classroom
have begun to get frustrated with the same part, they sort of feed into each
other. How do we redirect these situations? Luckily with the help of a student
or two we figured it out.
Ideas: Whenever students reach difficult levels in games and are stuck in the
same part, it might be helpful to group them so that they can collaborate on
successful strategies for reaching solutions. For one level in particular we were
able to figure out two different strategies by the end of the day.
Hunches: After playing just two games, there have started to be some players
that stick out in particular and seem to be successful in gaming. They have
even taught me a thing or two that I was not aware of before.
Impressions: I am really impressed with the student’s ability to figure out parts
of the game that I was not able to. Even though I had played before, I still
found them teaching me new things as they explored the videogame content.
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Table 4.25 Student #6 Journal Reflection Prompt After Playing Bond Breaker
Date:
10/22/21
Date:
10/22/21
Date:
10/22/21
Date:
10/22/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? I liked how
we were all trying to beat the game first, it was fun when everyone was
calling out what level they were on and trying their best to win.
What parts of the game did you dislike? How easy it was to die from
certain things like the spikes and falling off
What did you learn about chemistry today? I learned that it can be fun
to learn chemistry.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? Even though the game got more
challenging, and I died more toward the end, or the levels would take me
longer I still got it done.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competency and confidence in my learning.
1

Statement
#2

Extended
Response
Question #5

2

3

4

5

2

3

4

5

2

3

4

5

I was influenced by the element of competition during gameplay.
1

Date:
10/22/21

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

Were you engaged in your learning during gameplay? Yes I will
zone out during notes and get distracted easy from worksheets but that
kept me entertained for most of the class.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

2

3

4

5

4

5

I looked at the clock frequently during class.
1

2
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3

Statement
#3

My mind was on other things during class.
1

Statement
#4

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

4

5

After playing Game #2 (Figure 4.9), case study participants provided an average
scale-rating of 4 in response to the first statement concerning competency within their
journal reflection prompts (Extended Response Question #4), indicating that they
generally agreed with the idea that this game made them feel competent and confident as
they learned this particular standard through the GBL intervention. In addition, the casestudy participants reported an average scale rating of 4.167 in response to the third
statement concerning autonomy (Extended Response Question #4) and if they felt as if
they had more control over their learning through the videogame, indicating that they
generally agreed the game provided them with a sense of autonomy. Lastly, when
students were asked during the journal reflection prompt if the GBL intervention was
related to their own personal interests (Extended Response Question #4), they provided
an average scale rating of 4.0 to the fourth statement, indicating that the six case study
members also agreed with this idea.
When asked, “how was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching?” in the fourth extended response question, Student
#1 (Table 4.15) “really felt like this game kept their attention really well”, Student #2
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(Table 4.17) felt that their “confidence grew as they learned more even though the levels
got more difficult”, Student #3 (Table 4.19) commented that “It has been more down to
earth I just think no other class would be as good just cause the work is so easy to learn
and access”, Student #4 (Table 4.21) claimed “it made them learn more because it was
more fun and intriguing”, Student #5 (Table 4.23) reported that this type of learning
“matches their learning style a bit better” and finally Student #6 (Table 4.25) admitted
that even though the game got more challenging and they died more toward the end of the
game and the levels would take longer, “they still got it done.” In regards to experiencing
competence, Student #2 (Table 4.16) was observed stating “this makes me feel smart”
while Student #4 (Table 4.20) felt competent enough to even offer to her tablemate “do
you want me to help you with that one?” In addition, all of the students admitted the
second game being “fun” or their “favorite” at some point in some form or fashion, which
indicates a high level of relatedness and similarity with their own activities, Student #1
(Table 4.15) went as far as to say “this is more like a game I would play at home on my
phone” in response to the fifth extended response question presented within the journal
reflection prompt. Lastly, Student #3 (Table 4.19) provided evidence of autonomy when
they reported that it was “easy to learn” as well as “easy to access” as a reaction to the
fourth extended response question within their journal reflection.
In regard to student engagement, the case study participants provided an average
scale rating of 4 when asked if they lost track or awareness of time in the first statement
of the fifth extended response question within the journal reflection prompt, indicating
they all agreed with the notion that they were not focused on how much time had passed
or remained in class while playing the second videogame. In support of this idea, students
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generally disagreed with an average scale rating of 2, that they were looking at the clock
during class in response to the second statement presented in the fifth extended response
question of the journal reflection prompt. In addition, students also all disagreed with an
average rating of 2 when asked if they experienced interruptions or distractions such as
daydreaming or wanting to leave class whilst in the midst of the GBL intervention in
response to the third statement. Last but certainly not least, student case study
participants reported an average scale rating of 4.167 to the fourth statement, when asked
if they learned chemistry concepts or standards that they otherwise would not have been
focused on learning or understanding.
In addition to the average scale ratings of student responses in the fifth extended
response question, observational data and other journal reflection responses also support
the notion that student’s experienced sensations of flow or engagement in the form of a
loss of awareness of time, being distracted less, a reduced frequency of interruptions, and
their learning of the chemistry concept or standard being taught through the videogame.
When considering the concept of time, Student #1 (Table 4.15) and Student #3 (Table
4.19) admitted that they would spend time playing this game at home because of how
closely it resembles other games they play, while Student #5 (Table 4.23) commented on
how the “game was so much fun, they forgot they were doing chemistry”, and Student #6
(Table 4.25) stated that it “kept them entertained for most of the class”. In regard to being
distracted, bored, or causing interruptions, Student #6 (Table 4.25) attributed their
engagement to the fact that the game was able to keep them entertained whereas during
notes they tend to zone out and during worksheets they tend to get distracted. In addition,
when students were asked what they learned in the third extended response question from
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the journal reflection, they expressed a wide variety of standards-based understandings.
For example, Student #1 (Table 4.15) learned that our positively charged hydrogen
character would attract negatively charged particles within the game, or in other words
that “opposites attract”, and Student #3 (Table 4.19) learned that “positively charged
atoms and negatively charged atoms bond”, whereas Student #4 (Table 4.21) explained in
their response that “different molecules and atoms have certain characteristics that highly
influence how they bond or don’t bond.” In addition, Student #2 (Table 4.17) and Student
#5 (Table 4.23) both learned about one chemistry’s greatest contradictions concerning
atomic size, that element two, helium, is actually our smallest atom even though it
contains more subatomic particles than hydrogen.
Game #3: Smashbond
U.S. Army Stars: Elements is a free educational application developed by The Army
Game Studio at Systems Simulation, Software, and Integration (S3I) in collaboration
with U.S. Army STEM experts and educators (U.S. Army, 2016). Not only is it free, but
it is virtually accessible to anyone with internet as a web version through Windows and
IOS or as a standalone mobile app on the Apple Store or Google Play. Smashbond is
designed to present chemical bonding information and content in an entertaining format
for students to learn, progress through the game, earn points, and achieve a high score.
This game works similar to the popular mobile matching game, CandyCrush, which is
based on the rule of “match 3,” or matching three items in a row to clear them from the
game board, earn points, and advance further. Instead of matching colors or candy,
Smashbond is an interactive chemistry matching game where students are challenged to
swap element gems to combine atoms on a grid in order to create compounds based on
the Rule of Octet.
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Figure 4.16 Smashbond Gameplay
State Academic Chemistry Standard(s)
CHEM1.PS1:12) Matter and Its Interactions: Explain the origin and organization of
the Periodic Table. Predict chemical and physical properties of main group elements
(reactivity, number of subatomic particles, ion charge, ionization energy, atomic radius,
and electronegativity) based on location on the periodic table. Construct an argument to
describe how the quantum mechanical model of the atom (e.g., patterns of valence and
inner electrons) defines periodic properties. Use the periodic table to draw Lewis dot
structures and show understanding of orbital notations through drawing and interpreting
graphical representations (i.e., arrows representing electrons in an orbital).
CHEM1.PS2:1) Motion and Stability: Forces and Interactions - Draw, identify, and
contrast graphical representations of chemical bonds (ionic, covalent, and metallic) based
on chemical formulas. Construct and communicate explanations to show that atoms
combine by transferring or sharing electrons.
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Figure 4.17 Student #1 Playing
Smashbond
Table 4.26 Observations of Student #1 Playing Smashbond
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #3 - Smashbond
#1
Date: 10/25/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: One student in the class is absent, 16 students total, all of which
have either their smartphone or Chromebook for the game-based learning
lesson. All case study members are present
Dialogue: Students are getting settled in and finishing up their school
breakfast, some are asking to go to the library in order to check out a
Chromebook for the day. As a class they have a minor celebration and some of
them cheer out when they learn it is “game day” as they have come to call it.
Individual Remarks:
“Okay so this game is actually kind of addicting”
“Why can’t my other classes be like this?”
“Mr. Lackey what level did you get to and what is your high score?”
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Physical Setting: It a sunny day outside but is still managing to be quite chilly
in the classroom. The lights are off aside from a single teacher desk lamp and
the student screens.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students’ goal is to get to the highest level with the highest score
possible. As they match up Lewis dot structures they will create bonds in order
to earn points and clear their game board. This game is exactly like Candy
Crush which is based on the rule of Match 3. With that being said I am
expecting to get a really positive response from students since it resembles a
popular mobile game that many of them play on the go. After playing for a
high score, students will present different strategies on how they were
successful as well as highlight factors they struggled with and point out
compounds that they were able to create, identifying them as ionic or covalent.
Personal Thoughts: This student almost never greets me first when they come
to class in the morning and today they eagerly asked me if it was “game day”
before I could ask them how their morning was going. I have started to notice
that this student gets their Chromebook out is more quickly prepared on game
days than non-game days. Typically, this person’s Chromebook is not charged
in the morning and this morning it was charged! It was refreshing to see this
student prepared for the lesson today.
Speculations: Perhaps this student thought about charging their lap top last
night because they were looking forward to the lesson? It is evident from their
quick greeting that they actually had it on their mind. Could my students be
thinking about chemistry outside of the classroom?
Feelings: It makes me feel really happy to think about how this game-based
learning intervention is positively impacting my student’s participation inside
and outside of the classroom. The fact that these games help to at least keep
some part of my class on their mind is a step in the right direction.
Problems: I do not want students to think that all learning should take place
through video games and begin to grow resentful toward their more traditional
classes that are not utilizing alternative methods of curriculum and instruction
like the one this research investigates. Games are just one great tool that we
can use to explore and learn.
Ideas: Perhaps this research project could develop into a local professional
development course that promotes game-based learning in other subject areas,
not as the sole method of teaching, but as a nice change of pace or break from
traditional methods of teaching.
Hunches: I have a hunch that if other teachers were to witness what I am
witnessing, they too would want to incorporate a few discipline specific games
into their own curriculum and instruction. Through these games, it is evident
that the student’s feel more in control and are more confident with what is
familiar to them.
Impressions: I am impressed with this student’s ability to master the ionic and
covalent bonding concepts through Smashbond and the matching of different
Lewis dot structures in order to solve the rule of octet and create molecules.
This has definitely given my students a more fun way of exploring chemical
bonding when compared with drawing it out on whiteboards!
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Table 4.27 Student #1 Journal Reflection Prompt After Playing Smashbond
Date:
10/29/21
Date:
10/29/21
Date:
10/29/21
Date:
10/29/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? I liked how I
could earn points and bonuses. I really liked the bonding concept of it.
What parts of the game did you dislike? How they limited the moves
you had on each level, but that would have made it too easy.
What did you learn about chemistry today? How I can create chemical
formulas with different elements.

How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? Of all the games so far, I felt
like I learned the most from this game, the matching and repetitiveness
made it all stick to memory for me.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

Date:
10/29/21

Extended
Response
Question #5

5

2

3

4

5

2

3

4

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

I was influenced by the element of competition during gameplay.
1

2

3

4

5

Were you engaged in your learning during gameplay? Yeah the
matching was addicting I am not going to lie.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

2

3

4

5

4

5

I looked at the clock frequently during class.
1

2
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3

Statement
#3

My mind was on other things or leaving during class.
1

Statement
#4

Statement
#5

2

3

4

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1
2
3
4
5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

Figure 4.18 Student #2 Playing
Smashbond
Table 4.28 Observations of Student #2 Playing Smashbond
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

5

Game #3 - Smashbond
#2
Date: 10/25/21
Time: 8:00am – 9:45am
Place: Public High School
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4

5

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: One student in the class is absent, 16 students total, all of which
have either their smartphone or Chromebook for the game-based learning
lesson. All case study members are present
Dialogue: Students are getting settled in and finishing up their school
breakfast, some are asking to go to the library in order to check out a
Chromebook for the day. As a class they have a minor celebration and some of
them cheer out when they learn it is “game day” as they have come to call it.
Individual Remarks:
“I think that button on the side is actually a bonus”
“Oh man the Smash button is awesome”
“So as long as the dots on the green squares and the blue squares add up to
eight they will match?”
Physical Setting: It a sunny day outside but is still managing to be quite chilly
in the classroom. The lights are off aside from a single teacher desk lamp and
the student screens.
Activities: Students’ goal is to get to the highest level with the highest score
possible. As they match up Lewis dot structures they will create bonds in order
to earn points and clear their game board. This game is exactly like Candy
Crush which is based on the rule of Match 3. With that being said I am
expecting to get a really positive response from students since it resembles a
popular mobile game that many of them play on the go. After playing for a
high score, students will present different strategies on how they were
successful as well as highlight factors they struggled with and point out
compounds that they were able to create, identifying them as ionic or covalent.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: Today this student came in and put their head down and
hood up this morning and said, “I’m ready for a nap”. When I inquired, it turns
out this student was up late working until midnight closing at their fast food
job. While this student is usually filled with energy, bouncing around the class,
and are talkative upon their arrival to school, today was different. I am left
wondering if they will lack focus and be motivated to engage in their
assignment today.
Speculations: I speculated that this student would start to play the game once
they see the how it works up on the smartboard. Once they realized how
similar it was to one of their favorite mobile games, Candy Crush, they were
able to perk up and logon to the game via Chromebook. They even commented
that “this game looks better than the other ones”
Feelings: I feel like once students see that the lesson is going to be taught
through a game, it works as a powerful hook or introduction into a lesson, or a
memorable way to close out a lesson. Whether students are tired, apathetic, or
distracted – they still seem to participate to a higher degree than they would
when compared with traditional assignments.
Problems: While alternative and traditional methods can be a powerful tool
when used in combination, there is not a videogame for every standard and so
finding this balance will become increasingly important as teachers attempt to
incorporate game- based learning into their curriculum and instruction.
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Ideas: Perhaps as games are further studied and linked to the standards, we
will find out how to use game-based learning to cover more standards and dive
deeper into the application of specific standards, such as the ways in which
Smashbond allows us.
Hunches: I have a hunch that it would be possible to present all of my
chemistry standards within a game-based learning framework.
Impressions: This particular student really enjoyed the game today, and really
made a connection with how similar it was to one of their favorite games that
they personally enjoy playing. I believe it was this relatedness and sense of
control that gave them the confidence to learn about ionic and covalent
bonding principles today using Smashbond.

Table 4.29 Student #2 Journal Reflection Prompt After Playing Smashbond
Date:
10/29/21
Date:
10/29/21
Date:
10/29/21
Date:
10/29/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? The smash
button powerup where all of the bonus elements bond.
What parts of the game did you dislike? You only have a certain
amount of turns.
What did you learn about chemistry today? That there can be more
than two different types of elements in a compound.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I was more interested because I
was motivated by winning
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

5

2

3

4

5

2

3

4

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

I was influenced by the element of competition during gameplay.

1

2
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3

4

5

Date:
10/29/21

Extended
Response
Question #5

Were you engaged in your learning during gameplay? Yes I was
trying to beat my buddies.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

5

2

3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

4

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

Figure 4.19 Student #3 Playing
Smashbond
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3

4

5

Table 4.30 Observations of Student #3 Playing Smashbond
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #3 - Smashbond
#3
Date: 10/25/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: One student in the class is absent, 16 students total, all of which
have either their smartphone or Chromebook for the game-based learning
lesson. All case study members are present
Dialogue: Students are getting settled in and finishing up their school
breakfast, some are asking to go to the library in order to check out a
Chromebook for the day. As a class they have a minor celebration and some of
them cheer out when they learn it is “game day” as they have come to call it.
Individual Remarks:
“Nice! I did it!”
“Okay, I think I get it now”
“So could sodium bond with chlorine?” “Sodium only has one dot and
Chlorine has seven, so as long as it equals up to eight?”
Physical Setting: It a sunny day outside but is still managing to be quite chilly
in the classroom. The lights are off aside from a single teacher desk lamp and
the student’s computer and phone screens.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students’ goal is to get to the highest level with the highest score
possible. As they match up Lewis dot structures they will create bonds in order
to earn points and clear their game board. This game is exactly like Candy
Crush which is based on the rule of Match 3. With that being said I am
expecting to get a really positive response from students since it resembles a
popular mobile game that many of them play on the go. After playing for a
high score, students will present different strategies on how they were
successful as well as highlight factors they struggled with and point out
compounds that they were able to create, identifying them as ionic or covalent.
Personal Thoughts: This student has not been doing very well so far in the
chemical bonding unit. As a result of a language barrier, it is difficult for this
student to categorize elements and determine whether they are a metal or a
nonmetal and therefore learning how to create ionic and covalent molecules
from these elements using the Octet Rule.
Speculations: I speculate that this game will provide the proper visuals that this
student needs in order to begin understanding what brings these elements
together. Nonmetals are in blue, and metals are in green, all chemical symbols
have visible Lewis Dot structures, and the goal is for these dots to add up to 8.
If they do, these elements can be combined in order to score points and clear
the board.
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Feelings: As they began to play they were slow to understand it as I sat with
them and played on my computer, but as soon as it clicked what we were
trying to do they began to match up compounds so that they could earn points
and clear their game board. I noticed they cracked a smile and seemed relieved
upon their first several matches.
Problems: I wish my curriculum, instruction, and pedagogy was more aligned
with certain aspects of the games we play.
Ideas: If I could align my curriculum and instruction with certain concepts in
the game, I believe this could help students such as this one connects the dots.
For example, writing nonmetals in blue and metals in green similar to how
they are colored in the game, that way there are less gaps between how I teach
and how the game plays.

Hunches: I have a hunch that these games could become our primary sources
of reference and ultimately even replace references such as the textbook and
periodic table of elements. Especially since most of them contain a
virtual/interactive periodic table to refer to.
Impressions: At first I thought these games were very narrow in their ability to
cover particular standards, but now I am starting to see that they could become
the primary resource that is emphasized and that perhaps an entire pedagogy
could be built from these games.

Table 4.31 Student #3 Journal Reflection Prompt After Playing Smashbond
Date:
10/29/21

Extended
Response
Question #1

Date:
10/29/21

Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

Date:
10/29/21
Date:
10/29/21

What parts of the game did you like or find enjoyable? It’s very nice
I like how easy it is to play it reminds me of candy crush.
What parts of the game did you dislike? Loved it all

What did you learn about chemistry today? I learned that this game
really helps me understand chemical bonding.

How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I liked this way more than paper
and pencil stuff.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

2

3

4

It made me less afraid to make a mistake or more willing to try new
things.
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5

1
Statement
#3

Date:
10/29/21

Extended
Response
Question #5

4

5

2

3

4

5

This format of learning was related to my own personal interests.
1

Statement
#5

3

It made me feel like I was in control.
1

Statement
#4

2

2

3

4

I was influenced by the element of competition during gameplay.
1
2
3
4

5

5

Were you engaged in your learning during gameplay? Yes anytime I
am on my phone or the computer it is easier to keep my attention on
something.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

3

4

5

4

5

4

5

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

My mind was on other things or leaving during class.
1

2

3

Statement
#4

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1
2
3
4
5

Statement
#5

I would play this game at home in my spare time or socially with my
friends.
1

2

3
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4

5

Figure 4.20 Student #4 Playing
Smashbond
Table 4.32 Observations of Student #4 Playing Smashbond
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #3 - Smashbond
#4
Date: 10/25/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: One student in the class is absent, 16 students total, all of which
have either their smartphone or Chromebook for the game-based learning
lesson. All case study members are present
Dialogue: Students are getting settled in and finishing up their school
breakfast, some are asking to go to the library in order to check out a
Chromebook for the day. As a class they have a minor celebration and some of
them cheer out when they learn it is “game day” as they have come to call it.
Individual Remarks:
“Which ones match up again?”
“I just matched up two oxgyens and they don’t add up to eight, how does that
work?”
Physical Setting: It a sunny day outside but is still managing to be quite chilly
in the classroom. The lights are off aside from a single teacher desk lamp and
the student screens.
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Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students’ goal is to get to the highest level with the highest score
possible. As they match up Lewis dot structures they will create bonds in order
to earn points and clear their game board. This game is exactly like Candy
Crush which is based on the rule of Match 3. With that being said I am
expecting to get a really positive response from students since it resembles a
popular mobile game that many of them play on the go. After playing for a
high score, students will present different strategies on how they were
successful as well as highlight factors they struggled with and point out
compounds that they were able to create, identifying them as ionic or covalent.
Personal Thoughts: This student has been doing very well in the chemical
bonding unit and has shown mastery over several concepts and skills, however
I am hoping this game will work as a fun and entertaining way for this student
to reinforce the concepts they have learned further, as well as attempt to try
and create some more complex compounds that include polyatomic ions,
which require more moves, but ultimately awards a higher number of points.
Speculations: Seeing as this student has reported enjoying matching and trivia
games on their phone, I predict they too will enjoy the similar addicting nature
of this game.
Feelings: I feel like this student is really excited to play this game as soon as
they learned it was “game day” they immediately wanted to know how to log
on and get to playing. Some students have been beating me to the punchline
before I have a proper time to explain it since the directions to get to the game
and how to play it are posted on our learning management system. At first this
was not an occurrence but now they are actually playing the games beforehand
and even reporting that they went home and played them when they got bored!
Problems: As a result of this eagerness to play, I have had to “unpublish” the
game-based learning assignment for the week so that they do not see it and
play it ahead of time outside of the context of the lessons and concepts in
which I want to use it to teach.
Ideas: I need to encourage students to play these games outside of class and
provide photographic evidence (phone screenshots) in order to receive
additional credits on incomplete, missed, or failed assignments.
Hunches: Are these games responsible for motivating students to learn
chemistry inside and outside of the classroom.
Impressions: I never would have thought I would actually have to take an
assignment off of the schedule because students were completing it ahead of
time.

Table 4.33 Student #4 Journal Reflection Prompt After Playing Smashbond
Date:
10/29/21

Extended
Response
Question #1

What parts of the game did you like or find enjoyable? The
unexpected combinations I could create and the pressure of the fixed
number of moves.

Date:
10/29/21

Extended
Response
Question #2

What parts of the game did you dislike? The bonus combinations that
were difficult to create, like where to move the element to create the
combination.
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Date:
10/29/21
Date:
10/29/21

Extended
Response
Question #3
Extended
Response
Question #4

What did you learn about chemistry today? That a lot more nonmetals
can bond than I thought.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I thought it was much better than
when I am in my other classes especially English because all we do is read
and write.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

Statement
#5
Date:
10/29/21

Extended
Response
Question #5

4

5

2

3

4

5

4

5

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

This format of learning was related to my own personal interests.
1

2

3

4

5

I was influenced by the element of competition during gameplay.
1

2

3

4

5

Were you engaged in your learning during gameplay? Yeah this game
was a lot like candy crush, and I play that when I am bored and have
nothing else to play.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

4

5

2

3

4

5

4

5

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

I learned and/or retained chemistry concepts that I otherwise do not think I
would have.
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1
Statement
#5

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

4

5

Figure 4.21 Student #5 Playing
Smashbond
Table 4.34 Observations of Student #5 Playing Smashbond
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #3 - Smashbond
#5
Date: 10/25/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: One student in the class is absent, 16 students total, all of which
have either their smartphone or Chromebook for the game based learning
lesson. All case study members are present
Dialogue: Students are getting settled in and finishing up their school
breakfast, some are asking to go to the library in order to check out a
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Chromebook for the day. As a class they have a minor celebration and some of
them cheer out when they learn it is “game day” as they have come to call it.
Individual Remarks:
“Oh okay! Now I think I get it”
“I am starting to get the hang of this”
“New high score!”
Physical Setting: It a sunny day outside but is still managing to be quite chilly
in the classroom. The lights are off aside from a single teacher desk lamp and
the student screens.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students’ goal is to get to the highest level with the highest score
possible. As they match up Lewis dot structures they will create bonds in order
to earn points and clear their game board. This game is exactly like Candy
Crush which is based on the rule of Match 3. With that being said I am
expecting to get a really positive response from students since it resembles a
popular mobile game that many of them play on the go. After playing for a
high score, students will present different strategies on how they were
successful as well as highlight factors they struggled with and point out
compounds that they were able to create, identifying them as ionic or covalent.
Personal Thoughts: This student is doing okay in the chemical bonding unit
but has yet to show mastery over one particular concept or another. They have
reported that math is not their strong suit and is in fact their least favorite
subject, with that being said it is my personal thought that the arithmetic
involved in bonding is the limiting factor for this student. I am hoping this
game will help them understand the idea that each atom wants eight electrons
(Rule of Octet) and that atoms can use each other to achieve this stable
number, or in other words they can bond. As they bond, electrons are shared or
exchanged in such a way that it involves a little bit of math to understand the
proportions that atoms bond in.
Speculations: I speculate that this game-based learning lesson could assist this
student in understanding that those proportions are based on the number of
electrons some atoms (metals) have to give and the number of electrons that
some atoms (nonmetals) have to take in order to solve the Rule of Octet, and
then see that these numbers are reflected in the Lewis Dot Structure images.
Feelings: I feel like this student is beginning to understand which elements like
to bond to which, and in what proportions they like to bond in. The images and
visuals that this game provides seems to make it easier for students to visualize
the Octet Rule and see which elements match up to bond. I feel like this
student has been more successful during this game than during traditional
assignments.
Problems: This student will get really stressed with themselves when they
mess up or have to start over on regular assignments, but not so much in the
game. Oftentimes when they mess up it is followed by a laugh or an “oh man!”
and they keep trying.
Ideas: Perhaps this game makes it easier for them to mess up? And this less
formal, less traditional environment provides the student with a mental cushion
that it is okay and to keep trying.
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Hunches: I have a hunch that games encourage students to persevere through
multiple attempts. A natural part of a game is failure, but for some reason
when it comes to schoolwork we perceive failure as an unnatural occurrence.
Impressions: This student was able to continue on and was content with not
understanding it at first and I think the game-based learning format encourages
this idea. Once they failed a couple times, they were able to get a good streak
going, score a decent amount of points, and advance to further levels in the
game, whereas their traditional classwork quickly discourages them.

Table 4.35 Student #5 Journal Reflection Prompt After Playing Smashbond
Date:
10/29/21
Date:
10/29/21
Date:
10/29/21
Date:
10/29/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? That it was
challenging and made me think twice about the bonding moves I was
about to do.
What parts of the game did you dislike? That you could not reshuffle
your element board.
What did you learn about chemistry today? That one element can
combine with a lot of other elements, and how many combinations that
we can make from the elements we do have.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I liked it more than other ways
of teaching
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

Extended
Response
Question #5

2

3

4

5

2

3

4

5

2

3

4

5

I was influenced by the element of competition during gameplay.
1

Date:
10/29/21

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

Were you engaged in your learning during gameplay? Yes usually I
am pretty tired in my morning classes, but this game seemed to keep me
awake.
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(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)
Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

5

2

3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

4

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

Figure 4.22 Student #6 Playing
Smashbond
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3

4

5

Table 4.36 Observations of Student #6 Playing Smashbond
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #3 - Smashbond
#6
Date: 10/25/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: One student in the class is absent, 16 students total, all of which
have either their smartphone or Chromebook for the game-based learning
lesson. All case study members are present
Dialogue: Students are getting settled in and finishing up their school
breakfast, some are asking to go to the library in order to check out a
Chromebook for the day. As a class they have a minor celebration and some of
them cheer out when they learn it is “game day” as they have come to call it.
Individual Remarks:
“Is it really already time to go?”
“Dude! I was so close”
“Okay I like this game the most so far”
Physical Setting: It a sunny day outside but is still managing to be quite chilly
in the classroom. The lights are off aside from a single teacher desk lamp and
the student screens.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students’ goal is to get to the highest level with the highest score
possible. As they match up Lewis dot structures they will create bonds in order
to earn points and clear their game board. This game is exactly like Candy
Crush which is based on the rule of Match 3. With that being said I am
expecting to get a really positive response from students since it resembles a
popular mobile game that many of them play on the go. After playing for a
high score, students will present different strategies on how they were
successful as well as highlight factors they struggled with and point out
compounds that they were able to create, identifying them as ionic or covalent.
Personal Thoughts: I am excited to see this student enter into the third week of
this game-based learning intervention. Overall, they have responded very
positively and seem to be enjoying it. It has made a tremendous difference in
how frequent this student attempts to leave the classroom. On two separate
game days they have been surprised at how quickly class went by.
Speculations: I have actually seen this student playing matching games in my
class before, such as Candy Crush and Bejeweled. This student forgot their
Chromebook today and will therefore be downloading the app on their phone
and playing from there. I predict that this could actually turn into a fortunate
error. Perhaps this game plays differently from a phone and more closely
resembles some students’ actual experience with games since less students
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play from a computer and mobile games have become so popular for
teenagers.
Feelings: I have a feeling that this student will enjoy playing this game from
their phone, and that it could potentially have a different effect as a result of
the device that the game is being played on. I feel like they are really into the
game because their attention is directed toward their phone, and they are
emotionally responding to the gameplay. In addition, this student has not asked
to leave class yet like they typically do, and we are almost an hour in.
Problems: Could there be a difference based on the device students are using?
Many have asked if they can use their phones instead and I am allowing them
to choose the device of their choice. Currently about half of the students play
from their Chromebooks and half play from their smartphones. Does playing
the game from their phone more authentically reflect their personal
experiences?
Ideas: I should ask students if the device they used during this study affected
their engagement level.
Hunches: I have a hunch that based on the device students use, affects could
differ, perhaps providing choice in the use of device should be emphasized
more.
Impressions: This student left an overall positive impression on me today, not
only did they seem to really enjoy the game, but they were able to reinforce
their learning of chemical bonding concepts and are definitely working their
way toward mastery.

Table 4.37 Student #6 Journal Reflection Prompt After Playing Smashbond
Date:
10/29/21

Date:
10/29/21

Date:
10/29/21

Date:
10/29/21

Extended
Response
Question
#1
Extended
Response
Question
#2
Extended
Response
Question
#3
Extended
Response
Question
#4

What parts of the game did you like or find enjoyable? I really liked
being able to win and move on to the next round, it made me feel more
confident.
What parts of the game did you dislike? Having to restart once you got
so far and ran out of moves.

What did you learn about chemistry today? I learned that learning
chemistry can be fun, and bonding is not as hard to understand as I thought
it was.

How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I am way more motivated to play
videogames than schoolwork because I like video games and I don’t like
schoolwork.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5 =
strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
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1
Statement
#2

Statement
#5
Date:
10/29/21

Extended
Response
Question
#5

Statement
#1

1

4

5

2

3

4

5

2

3

4

5

I lost track of or awareness of time during gameplay.
2

3

4

5

4

5

4

5

I looked at the clock frequently during class.
2

3

My mind was on other things or leaving during class.
2

3

I learned and/or retained chemistry concepts that I otherwise do not think I
would have.
1

Statement
#5

3

(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5 =
strongly agree)

1
Statement
#4

2

I was influenced by the element of competition during gameplay.
1
2
3
4
5
Were you engaged in your learning during gameplay? Yes I feel like I
usually try and leave class more but today was different.

1
Statement
#3

5

This format of learning was related to my own personal interests.

1
Statement
#2

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new things.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

4

5

After playing Game #3 (Figure 4.16), it was evident from the data collection and
analysis that the student responses were continuing down a similar trend. Overall, within
the fourth extended response question of the journal reflection prompts, the case study
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participants reported an average scale rating of 4.167 in response to the first statement
concerning competence, indicating a general agreement amongst the case study students
they this videogame made them feel more competent when trying to understand this
particular chemistry standard. In addition, students reported the highest scale rating
average of 4.5 for autonomy in response to the third statement within the fourth extended
response question presented within the journal reflection prompt. In other words, the case
study participants strongly agreed that they felt in control of their own decision making
process while playing the third videogame. When the relatedness of this particular game
was inquired upon, the case study participant responses averaged to a 3.83 in response to
the fourth statement, indicating that while some students felt indifferent, most leaned
toward the idea that this game is similar to the activities they perform within their own
sociocultural discourses and lived experiences.
In addition to the average scale ratings reported by students from the fourth
extended response question, observations and other journal prompt responses also
support idea that students experienced phenomena of motivation in the form of
competence, relatedness, and autonomy. In regards to competence, Student #1 (Table
4.27) wrote in their journal reflection that they felt of all the games they had played so
far, they learned the most from the third game as a result of the “matching and
repetitiveness” making it all “stick to memory”, while Student #3 (Table 4.30) was
observed exclaiming “nice, I did it!” and “Okay, I think I get it now,” and Student #5
(Table 4.34) was observed letting out a sigh of with relief, “Oh okay now I get it”
followed by a pleasantly surprised “I am starting to get the hang of this”, and finally
Student #6 (Table 4.37) admitted the fact that “bonding is not as hard to understand as
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they thought it was” as a reaction to the third extended response question. Concerning
relatedness, Student #1 (Table 4.26) described the third game as “actually kind of
addicting”, and Student #4 (Table 4.33) compared this game with Candy Crush as a
reaction to the fifth extended response question within their journal reflection, stating it is
very similar and they like to play that game when they are bored. In addition, Student #5
(Table 4.35) admitted to liking it “more than other ways of teaching” in the fourth
extended response question of the journal reflection prompt, and Student #6 was
observed stating “okay I like this game the most so far”, implying that gameplay
potentially resembles other activities they enjoy doing or games they like to play. In
reference to autonomy, Student #3 (Table 4.31) wrote about liking how “easy this game
was to play” in the first extended response question of the journal reflection prompt and
Student #2 (Table 4.28) was observed talking about how they enjoyed having control
over the smash power-up button option that would help you score more points in order to
move onto the round. Lastly, when specifically asked, “how was your motivation to learn
chemistry impacted, compared to more traditional methods of teaching?” in the fourth
extended response question of the journal reflection, all students responded that they
were more motivated for a variety of different reasons including the addicting nature of
the game, winning the high score, preferring it to paper and pencil work, and liking it
more than other ways of teaching,
In regard to student engagement of the case study participants during gameplay of
Game #3 (Figure 4.16), the six case study participants reported an average consensus of
agreement with a scale rating of 4.167 in response to the first statement presented within
the fifth extended response question that they lost track or awareness of time at some
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point during gameplay. In support of this notion, students disagreed with an average
response rating of 1.33 with the second statement concerning attention to the clock.
Furthermore, students experienced limited distractions while in class, as well as
interruptions to leave class, reporting an average scale rating of 2 to the third statement
within the fifth extended response question when they were asked if their mind was on
other things or leaving the classroom while playing the videogame. Lastly, when asked
about their learning of the chemistry concept or standard that was covered during the
fourth statement, an average scale rating response of 4.167 was given, indicating that the
students felt satisfied with their learning of chemistry content that they otherwise would
not have been motivated to engage with and learn.
In addition to the average scale ratings reported by students from the fifth
extended response question, observational dialogue and journal prompt responses also
bolster the notion that the case study participants experienced sensations of engagement
in the form of losing track of time, the absence of interruption and distraction, as well as
evidence that chemistry content was learned. In regard to the concept of time, Student #1
(Table 4.26) was observed expressing a yearning for their other classes to incorporate
GBL instructional methods as well, asking “why can’t all my other classes be like this?”
and implying that they would spend more time learning in this format if they could. In
addition, they also mentioned the “addicting” nature of this game, implying that it is easy
to spend a lot of time playing this particular videogame with limited distraction or
interruption (Table 4.26). Student #4 (Table 4.33) admitted the similarity between this
game and Candy Crush as a reaction to the fifth extended response question within their
journal reflection, noting that they play matching games like this in their spare time when
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they are bored. In addition, Student #6 (Table 4.36) was observed expressing their shock
at how quickly class time passed when they looked up from their computers and said, “is
it really already time to go?” In support of the lack of distractions and interruptions the
case study students encountered during the GBL activity, when Student #1 (Table 4.26)
referred to the game as “addicting”, this word describes an activity that you want to keep
doing and not be disturbed while you do it, and Student #3 (Table 4.31) admitted in their
journal reflection prompt to being motivated and that “anytime they are on their phone or
computer, it is easier to keep their attention on something” as a response to the fifth
extended response question. Furthermore, Student #5 (Table 4.35) described themselves
as “pretty tired” in the morning, but claimed this game was able to “keep them awake”,
and Student #6 (Table 4.37) admitted to “feeling like they usually want to leave class
more” but that today “it was different” as a reaction to the fifth extended response
question. Lastly, based on student responses from the third extended response question
from the journal prompt and observations that were made during gameplay, it was also
evident that the case study students were able to learn about a variety of different topics
within this particular chemistry standard. Student #1 (Table 4.27) learned how they can
create chemical formulas by combining different elements and Student #2 (Table 4.29)
learned that “there can be more than two different types of elements in a compound” and
was observed asking on target questions including “so as long as the dots on the green
squares and the dots on the blue squares add up to eight?” (Table 4.28). In response to the
third extended response question of the journal reflection, Student #3 (Table 4.31) felt
reported that this game “really helped them understand chemical bonding” and were also
observed asking on target questions such as “could sodium bond with chlorine since
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sodium has one dot and chlorine has seven dots?” (Table 4.30). In addition, Student #4
(Table 4.33) learned a lot more nonmetals could bond with each other than they
originally thought and wondered why it created a match when they combined two oxygen
atoms, even though it did not add up to eight. We then were given an opportunity to
discuss the next topic after ionic bonding, which is referred to as covalent or molecular
bonding, when two or more nonmetal atoms combine by sharing their electrons instead of
giving and taking electrons between a metal and a nonmetal atom like in ionic bonding.
Last but certainly not least, as a reaction to the third extended response question within
the journal reflection prompt Student #5 (Table 4.35) wrote about learning that one
element can combine with a lot of other elements, and how many combinations we can
create as a result, while Student #6 (Table 4.37) admitted to thinking bonding was going
to be harder than it actually was.
Game #4: My Molecularium
My Molecularium is a chemistry video game developed by a team of researchers at
the Rensselaer Polytechnic Institute (RPI) and Nanotechnology Center located in Troy,
New York (Garde, Schadler, Siegel, Bush, Pryzbilla, & Harvey, 2017). As a part of this
project, My Molecularium is a molecule building game where the player is able to target
specific bond sites, as well as aim and launch atoms in a sling shot style similar to the
popular game franchise, Angry Birds. It is playable as a free downloadable application
for both IOS and Google devices.
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Figure 4.23 My Molecularium
Gameplay
State Academic Chemistry Standard(s)
CHEM1.PS1:14 Matter and Its Interactions - Use Lewis dot structures and
electronegativity differences to predict the polarities of simple molecules (linear, bent,
trigonal planar, trigonal pyramidal, and tetrahedral). Construct an argument to explain
how electronegativity affects the polarity of basic chemical molecules.
CHEM1.PS2:1 Motion and Stability: Forces and Interactions - Draw, identify, and
contrast graphical representations of chemical bonds (ionic, covalent, and metallic) based
on chemical formulas. Construct and communicate explanations to show that atoms
combine by transferring or sharing electrons.
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Figure 4.24 Student #1 Playing My
Molecularium
Table 4.38 Observations of Student #1 Playing My Molecularium
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #4 – My Molecularium
#1
Date: 11/01/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: All students are present (16 total). One student transferred to a
neighboring school but was not a member of the case study. Most seem
lethargic and apathetic.
Dialogue: The students are quiet and tired, there is limited conversation and
dialogue going, many are still finishing up their chicken biscuit breakfast.
Some have asked about the lesson today as they have come in and sat down.
Individual Remarks:
“I like how the levels get harder and more challenging”
“Ahhh! I missed!”
“This game is so much like angry birds”
Physical Setting: The room is dark and warmly lit with a teacher’s desk lamp
and the students’ screens. This particular game can only be played from a
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smartphone, as it is only available via a downloadable application, so students
have begun to download it and open it up. The door is shut, and the room is
warm.
Activities: Students will use their smartphone devices to play My
Molecularium, a game that works very similar to angry birds, except you
slingshot atoms (instead of birds) to build molecules (instead of tear down
structures). Each student will play through the entirety of the game, all in all
there are about thirty molecules to build. As each level progresses, it gets more
and more difficult. Students must then classify the molecular shapes they
created based on the number of bonded electron pairs around the central atom.
They will then make a poster and develop a presentation on one molecule or
class of molecules.
Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: This student came in today quiet as usual and still keep to
themselves most of the time even though our class has begun to get more
comfortable around each other. When I see this student in the hallway, their
headphones are always in and whenever they are in my class their headphones
are in unless I am giving direction instruction. Considering how much of a role
this student’s technology plays in their personal life, I feel like they enjoy
learning through games because I see their mood change and get slightly more
energetic. I even see some occasional cracked smiles.
Speculations: I speculate that this student would prefer to learn in this gamebased format as a result of the personal connection hey have with technology,
their device, and the games they play for their own entertainment.
Feelings: I feel like game-based learning has a way to reach out to and engage
students such as this one in particular. Especially when I observe the mood
changes that I do. Small behaviors such as taking headphones out, leaning
forward in seat, and eye contact with the game presentation prior to playing.
Problems: I would not want this student to become less encouraged when
learning through more traditional modes of curriculum and instruction.
Ideas: Could game-based learning potentially have an adverse effect on
student attitude and opinion of traditional forms of curriculum and instruction.
Hunches: I have a hunch that if games can become the sole resource for
content, rather than textbook or teacher centered learning, you have game
centered learning where everything is built out of the foundation of the game,
you could connect your curriculum and instruction with the game in more and
more ways. If they become seamless, perhaps students would be encouraged
more to participate in more traditional modes of curriculum and instruction if it
ultimately fell back to the game.
Impressions: This student left me with an impression that they enjoyed today
and even connected the similarity between this game and one of their favorite
mobile games, without me having to say anything. They emotionally
responded to their successes and failures, and eyes were glued to the phone
screen.
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Table 4.39 Student #1 Journal Reflection Prompt After Playing My Molecularium
Date:
11/05/21
Date:
11/05/21
Date:
11/05/21
Date:
11/05/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? It is
challenging enough for me to like playing it, it is cool how you can see
the molecules you build.
What parts of the game did you dislike? Sometimes I would run out of
atoms to shoot and sometimes I wouldn’t.
What did you learn about chemistry today? That organic molecules
have a lot of carbon and hydrogen in them.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? This game was more frustrating
for me because I couldn’t hit the target and so I was motivated by my
frustration.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

5

2

3

4

5

2

3

4

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

I was influenced by the element of competition during gameplay.
1

2
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3

4

5

Date:
11/05/21

Extended
Response
Question #5

Were you engaged in your learning during gameplay? The structures
took so long to build that I was more engaged at first but once they got so
big and moved around so fast it became really difficult.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

5

2

3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

4

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

Figure 4.25 Student #2
Playing My Molecularium
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3

4

5

Table 4.40 Observations of Student #2 Playing My Molecularium
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #4 – My Molecularium
#2
Date: 11/01/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: All students are present (16 total). One student transferred to a
neighboring school but was not a member of the case study. Most seem
lethargic and apathetic.
Dialogue: The students are quiet and tired, there is limited conversation and
dialogue going, many are still finishing up their chicken biscuit breakfast.
Some have asked about the lesson today as they have come in and sat down.
Individual Remarks:
“No! No! No!”
“Yes finally!”
“This game is making me so mad right now!”
Physical Setting: The room is dark and warmly lit with a teacher’s desk lamp
and the students’ screens. This particular game can only be played from a
smartphone, as it is only available via a downloadable application, so students
have begun to download it and open it up. The door is shut, and the room is
warm.
Activities: Students will use their smartphone devices to play My
Molecularium, a game that works very similar to angry birds, except you
slingshot atoms (instead of birds) to build molecules (instead of tear down
structures). Each student will play through the entirety of the game, all in all
there are about thirty molecules to build. As each level progresses, it gets more
and more difficult. Students must then classify the molecular shapes they
created based on the number of bonded electron pairs around the central atom.
They will then make a poster and develop a presentation on one molecule or
class of molecules.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: This student came in with their typical personality. High
energy, bouncing around from table to table (being slightly obnoxious but
friendly), with everyone else in their seat, this student was still out of their seat
five minutes after class started. Once again they asked me if it was “game
day”.
Speculations: I speculate that this game will motivate and entertain this student
enough to keep them engaged during the lesson. He has been pretty excited
each time we have played a game even though normally he is quite apathetic
and unresponsive to his other assignments.
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Feelings: I have a feeling that this student is getting pretty frustrated with this
game, but they are still playing it and not giving up. Once you past the first
series of levels, the molecules begin to rotate and move quicker, so the target is
harder to hit, and it can be quite tedious. Interestingly enough, I feel like this
student would have given up on their schoolwork if it made them this
frustrated, or perhaps never even make an emotional connection with the work
in the first place to even care enough to get frustrated.
Problems: How can we get students to make that same emotional connection
with more traditional assignments when compared with their game-based
learning assignments?
Ideas: How do games seem to do such a good job at tapping into the emotions
of my students?
Hunches: I have a hunch that students emotionally connect to the gaming
format, especially if gaming is an important part of their personal and social
life. The assignment resembles what they enjoy doing, almost like for me if
you could use soccer to teach chemistry.
Impressions: I am really impressed with this game’s ability to bring out an
emotionally responsive and engaged personality from students who only ever
seem apathetic, reluctant, indifferent, and just all around anti-school.

Table 4.41 Student #2 Journal Reflection Prompt After Playing My Molecularium
Date:
11/05/21
Date:
11/05/21
Date:
11/05/21
Date:
11/05/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? None, because
it made me so angry, the competition in class about it.
What parts of the game did you dislike? When the hydrogen atoms
specifically would not attach to the oxygen or carbon atoms.
What did you learn about chemistry today?
Hydrogen likes to bond on the outsides of compounds in the game.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I used to be really good at angry
birds so it made me mad when I couldn’t slingshot the atom and hit the
target. The madder I got the harder I tried to hit it.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

2

3

4

5

It made me less afraid to make a mistake or more willing to try new
things.
1

2

3

It made me feel like I was in control.
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4

5

Statement
#3

1

2

3

4

5

This format of learning was related to my own personal interests.
Statement
#4

1

2

3

4

5

I was influenced by the element of competition during gameplay.

Date:
11/05/21

Statement
#5
Extended
Response
Question #5

1

2

3

4

5

Were you engaged in your learning during gameplay? Yes it made me
frustrated and that made me want to beat the levels more.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

5

2

3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

4

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2
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3

4

5

Figure 4.26 Student #3 Playing My
Molecuarlium
Table 4.42 Observations of Student #3 Playing My Molecularium
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #4 – My Molecularium
#3
Date: 11/01/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: All students are present (16 total). One student transferred to a
neighboring school but was not a member of the case study. Most seem
lethargic and apathetic.
Dialogue: The students are quiet and tired, there is limited conversation and
dialogue going, many are still finishing up their chicken biscuit breakfast.
Some have asked about the lesson today as they have come in and sat down.
Individual Remarks:
“This makes it super easy to see”
“So is this one a tetrahedral?”
“Dude I cannot get this hydrogen to bond”.
Physical Setting: The room is dark and warmly lit with a teacher’s desk lamp
and the students’ screens. This particular game can only be played from a
smartphone, as it is only available via a downloadable application, so students
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have begun to download it and open it up. The door is shut, and the room is
warm.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students will use their smartphone devices to play My
Molecularium, a game that works very similar to angry birds, except you
slingshot atoms (instead of birds) to build molecules (instead of tear down
structures). Each student will play through the entirety of the game, all in all
there are about thirty molecules to build. As each level progresses, it gets more
and more difficult. Students must then classify the molecular shapes they
created based on the number of bonded electron pairs around the central atom.
They will then make a poster and develop a presentation on one molecule or
class of molecules.
Personal Thoughts: This student came in today more talkative and happier
than usual. They kicked a game winning kick for our football team that
previous weekend and you could tell they were still elated. Definitely one of
the more uplifted moods I have seen this particular student in. They were even
more excited to find out that we would be playing a game today and started to
get their Chromebook out of their backpack as they finished up their breakfast.
Speculations: I speculate that this student will have an easier time
understanding the rules of this game, as there is not as much terminology
associated with it and they are familiar enough with the elements and atoms at
this point that they should be pretty familiar with
Feelings: I have a feeling that this game is motivating this student to engage
into content that they otherwise would not. Molecular shapes are extremely
challenging for students because it requires students to visualize three
dimensional structures mentally. This game has given this student the visual
which allows them to focus on characteristics of the shape itself.
Problems: Chemistry is a subject that requires us to talk about a level of
organization on the atomic scale, while we can see it manifest in real life, we
cannot see or experience atoms and so it is important to utilize games for the
visualizations that they can provide students with.
Ideas: Game-based learning provides these students with the models they need
for the acquisition of learning. Similar to their CTE instructors, many of these
games are modeling chemistry concepts for these students.
Hunches: Rather than instructors serving as models for these students CTE
courses, I have a hunch that the video games are serving as models for the
acquisition of learning.
Impressions: I am continually impressed with the video games’ ability to
assume the role as an MKO and scaffold students to increase the Zones of
Proximal Development. When they start games, it meets them on their level,
and by the time the end the game, they are playing on a harder level that
requires more content knowledge and game skill to accomplish.
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Table 4.43 Student #3 Journal Reflection Prompt After Playing My Molecularium
Date:
11/05/21

Extended
Response
Question #1

Date:
11/05/21

Extended
Response
Question #2

Date:
11/05/21

Extended
Response
Question #3
Extended
Response
Question #4

Date:
11/05/21

What parts of the game did you like or find enjoyable? It was
challenging sometimes, and it was very helpful and i found the simplicity
of the app very appealing

What parts of the game did you dislike? I got kicked out once, but I
don’t know if that was because of the game or my phone.
What did you learn about chemistry today? Games can be fun in
chemistry, and it can make learning more motivating.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? When it got more challenging
the compounds got more atoms it got more fun.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

5

2

3

4

5

2

3

4

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

I was influenced by the element of competition during gameplay.
1

2
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3

4

5

Date:
11/05/21

Extended
Response
Question #5

Were you engaged in your learning during gameplay? Yeah this game
was pretty cool.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

5

2

3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

4

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

Figure 4.27 Student #4 Playing My
Molecularium
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Table 4.44 Observations of Student #4 Playing My Molecularium
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #4 – My Molecularium
#4
Date: 11/01/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: All students are present (16 total). One student transferred to a
neighboring school but was not a member of the case study. Most seem
lethargic and apathetic.
Dialogue: The students are quiet and tired, there is limited conversation and
dialogue going, many are still finishing up their chicken biscuit breakfast.
Some have asked about the lesson today as they have come in and sat down.
Individual Remarks:
“I don’t get why the atoms won’t stick! I am shooting the target”
“This game would be more fun if I could get the atom to stick”
“Gosh finally, I never thought I would get past that level”
Physical Setting: The room is dark and warmly lit with a teacher’s desk lamp
and the students’ screens. This particular game can only be played from a
smartphone, as it is only available via a downloadable application, so students
have begun to download it and open it up. The door is shut, and the room is
warm.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students will use their smartphone devices to play My
Molecularium, a game that works very similar to angry birds, except you
slingshot atoms (instead of birds) to build molecules (instead of tear down
structures). Each student will play through the entirety of the game, all in all
there are about thirty molecules to build. As each level progresses, it gets more
and more difficult. Students must then classify the molecular shapes they
created based on the number of bonded electron pairs around the central atom.
They will then make a poster and develop a presentation on one molecule or
class of molecules.
Personal Thoughts: This student came in very pleasantly and calmly. They put
their stuff down and began to eat their breakfast as they watched something on
their phone and let out a little laugh. They seem to be in a good mood this
morning and are excited to be playing another game for our lesson.
Speculations: I speculate that stress relief is associated with game-based
learning, it seems as if some students experience a sense of relief when they
learn that our lesson will be game-based.

178

Feelings: I feel like this absence or lack of stress results in a mentality that is
more conducive to learning and acquiring knowledge. Whereas I feel like the
traditional mode of other assignments is typically partnered with some form of
stress.
Problems: How much are our summative and standardized tests that we give
students stressing them out?
Ideas: Perhaps the association of videogames with personal
leisure/entertainment and student social lives creates the illusion that this
assignment is less formal and not as stressful.
Hunches: This mode of learning seems to match with student interest and
hobbies very well. They really seem to respond positively and also learn from
it.
Impressions: This student was able to reinforce their mastery of molecular
shapes based on the ratio of bonded to unbonded atoms around the central
atom. They were able to match up their three dimensional shapes in the game
with some of the two-dimensional shapes that we had drawn on the board in
the classroom.

Table 4.45 Student #4 Journal Reflection Prompt After Playing My Molecularium
Date:
11/05/21
Date:
11/05/21
Date:
11/05/21
Date:
11/05/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? Me and my
friend got in a heated competition, and it was fun racing to the end.
What parts of the game did you dislike? It was frustrating when I
would hit the target, but the atom still wouldn’t bond to the compound.
What did you learn about chemistry today? I learned about the shapes
of molecules and their names.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? Yes I think it helped me see the
shapes better than when we were learning about them during class.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

3

4

5

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

4

5

It made me feel like I was in control.
1

2

3

This format of learning was related to my own personal interests.
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Statement
#4

1

2

3

4

5

I was influenced by the element of competition during gameplay.

Date:
11/05/21

Statement
#5
Extended
Response
Question #5

1

2

3

4

5

Were you engaged in your learning during gameplay? Yes I got
discouraged and distracted when I didn’t understand in class.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

5

2

3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

4

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2
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3

4

5

Figure 4.28 Student #5 Playing My
Molecularium
Table 4.46 Observations of Student #5 Playing My Molecularium
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #4 – My Molecularium
#5
Date: 11/01/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: All students are present (16 total). One student transferred to a
neighboring school but was not a member of the case study. Most seem
lethargic and apathetic.
Dialogue: The students are quiet and tired, there is limited conversation and
dialogue going, many are still finishing up their chicken biscuit breakfast.
Some have asked about the lesson today as they have come in and sat down.
Individual Remarks:
“I am over this game it’s too hard”
“These things take forever to build”
“Has anyone gotten past glucose yet?”
Physical Setting: The room is dark and warmly lit with a teacher’s desk lamp
and the students’ screens. This particular game can only be played from a
smartphone, as it is only available via a downloadable application, so students
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have begun to download it and open it up. The door is shut, and the room is
warm.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students will use their smartphone devices to play My
Molecularium, a game that works very similar to angry birds, except you
slingshot atoms (instead of birds) to build molecules (instead of tear down
structures). Each student will play through the entirety of the game, all in all
there are about thirty molecules to build. As each level progresses, it gets more
and more difficult. Students must then classify the molecular shapes they
created based on the number of bonded electron pairs around the central atom.
They will then make a poster and develop a presentation on one molecule or
class of molecules.
Personal Thoughts: Today, this student came into the classroom and put their
head on their desk and said, “I’m tired, I don’t feel like doing anything today”.
It seems as if this negative attitude was brought on by a particular event as she
begins to tell her table mate a personal story of “what happened”.
Speculations: I speculate that this student is rather preoccupied about a
particular event that occurred in their social or personal life. I am left
wondering if this game-based learning lesson will have enough of an impact to
take her mind off of things.
Feelings: After returning to class from a conversation with her counselor, I felt
like this particular student was having a bad day.
Problems: All of us have bad days where it seems as if we cannot get a
particular happening out of our head or off of our mind. As a result, it can be
difficult to care about other priorities such as learning chemistry content when
something you deeply care about takes precedence in your head.
Ideas: When students are having those no good terrible bad days, videogames
can serve as a much needed outlet to take out frustration or just get in some me
time, could these chemistry videogames serve the same purpose?
Hunches: I have a hunch that games have enough influence on this current
generation of students, that they could work to take our students’ minds off of
social and personal dilemmas that seem to bother them.
Impressions: This student did not seem very motivated today and therefore did
present a noticeable lack of engagement with the lesson. They were able to get
through the first few molecules, but not after too long they had their head
down again.

Table 4.47 Student #5 Journal Reflection Prompt After Playing My Molecularium
Date:
11/05/21
Date:
11/05/21
Date:
11/05/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3

What parts of the game did you like or find enjoyable? I liked
shooting the molecule, it almost felt like the slingshot in angry birds.
What parts of the game did you dislike? I felt like at times it was
difficult to aim the molecule and that was frustrating
What did you learn about chemistry today? That a lot more nonmetals
can bond than I originally thought, and oxygen is in everything.
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Date:
11/05/21

Extended
Response
Question #4

How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? It made me feel better about
making mistakes than other ways of teaching
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

Extended
Response
Question #5

2

3

4

5

2

3

4

5

2

3

4

5

I was influenced by the element of competition during gameplay.
1

Date:
11/05/21

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

Were you engaged in your learning during gameplay? I just liked the
style of this game more because we were shooting a target.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

4

5

2

3

4

5

4

5

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

2
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3

4

5

Statement
#5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

4

Figure 4.29 Student #6 Playing My
Molecularium
Table 4.48 Observations of Student #6 Playing My Molecularium
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #4 – My Molecularium
#6
Date: 11/01/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: All students are present (16 total). One student transferred to a
neighboring school but was not a member of the case study. Most seem
lethargic and apathetic.
Dialogue: The students are quiet and tired, there is limited conversation and
dialogue going, many are still finishing up their chicken biscuit breakfast.
Some have asked about the lesson today as they have come in and sat down.
Individual Remarks:
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5

“You guys just aren’t hitting it right, not everyone has that shot like me!”
“First place baby!
Physical Setting: The room is dark and warmly lit with a teacher’s desk lamp
and the students’ screens. This particular game can only be played from a
smartphone, as it is only available via a downloadable application, so students
have begun to download it and open it up. The door is shut, and the room is
warm.
Activities: Students will use their smartphone devices to play My
Molecularium, a game that works very similar to angry birds, except you
slingshot atoms (instead of birds) to build molecules (instead of tear down
structures). Each student will play through the entirety of the game, all in all
there are about thirty molecules to build. As each level progresses, it gets more
and more difficult. Students must then classify the molecular shapes they
created based on the number of bonded electron pairs around the central atom.
They will then make a poster and develop a presentation on one molecule or
class of molecules.
Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: This student came into class today and let out a big sigh
and said something along the lines of “I don’t wanna be here, when’s our next
break?” It is apparent that today this student has somewhat of an apathetic
attitude.
Speculations: I speculate that many of my students are tired and indifferent
whenever they enter my classroom as result of the time of day. Its rather early
and most of my students either stay up late for personal and social reasons or
have to work late at their jobs.
Feelings: I feel like this game-based learning intervention has shown evidence
of being able to wake up a tired student with less energy, but what about the
students that have eaten lunch and are sitting in fourth block at the end of the
day? Can games redirect this energy?
Problems: Students display differently at all blocks of the day, they tend to be
tired and quiet in first, socially motivated during second and third, and then in
fourth they either just want to leave or have so much energy they cannot sit
still because it is so close to the end of the day.
Ideas: Would students respond differently to game-based learning at different
parts of the day?
Hunches: I have a hunch that students would respond to this type of game
differently at different parts of the day.
Impressions: This student was motivated to engage in the lesson today when
normally they are not. Especially when it can be as difficult as learning
molecular shapes, many students will give up so quickly on traditional
assignments but stay the course in the game and keep trying to get to the end,
even though it is forcing them to learn the exact same concepts. Not only did
they display authentic emotional responses to their successes and failures
during the game, but they left class today with a better grasp of what molecular
shapes look like when they are drawn three dimensionally instead of just in
two dimensions.
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Table 4.49 Student #6 Journal Reflection Prompt After Playing My Molecularium
Date:
11/05/21
Date:
11/05/21
Date:
11/05/21
Date:
11/05/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? When I would
build enough molecules to move on to the next round with tougher levels.
What parts of the game did you dislike? Some of the atoms took a
really long time to build and I was ready to move on to the next one.
What did you learn about chemistry today? I learned that carbon is
used to hold a lot of molecules together.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I was definitely entertained by a
game more than I am actual schoolwork.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

Extended
Response
Question #5

2

3

4

5

2

3

4

5

2

3

4

5

I was influenced by the element of competition during gameplay.
1

Date:
11/05/21

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

Were you engaged in your learning during gameplay? I would say I
was pretty engaged yeah. I like trying to beat my friends.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

2

3

4

5

4

5

I looked at the clock frequently during class.
1

2

3

My mind was on other things or leaving during class.
Statement
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#3
1
Statement
#4

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

4

5

After playing Game #4 My Molecularium, student responses from the journal
reflection prompt continued to follow similar patterns of agreement and disagreement
with the statements that were presented. Once again, when the score of the six case study
participants’ competency was analyzed, an average rating of 4.0 was given in response to
the first statement within the fourth extended response question of the journal reflection
prompt which indicated that the students agreed that their competence and confidence
was improved as they played the videogame. In addition, an average score of 4.0 was also
reported by the six case study participants when they were encountered with the third
statement regarding their sense of control, showing that they all agreed with the idea that
they felt in control of their own decision making as they participated in gameplay. Lastly,
an average scale rating of 4.162 was given for the fourth statement concerning
relatedness, meaning that the students agreed this game connected with and was related to
their personal and social activities outside of school.
In addition to the average scale ratings reported by students from the fourth
extended response question, observational dialogue and other journal reflection prompt
responses also support the idea that students experienced phenomena of motivation in the
form of competence, relatedness, and autonomy. For many of the case study participants,
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as well as other students from the case study pool, this game was quite difficult because
the molecules would rotate and/or move around, and the atoms that you shoot would
often ricochet off of the molecule and you would have to try and slingshot another atom
toward the molecule. As a result of this loss of control of the game, or autonomy,
Students #1, #2, #4, and #5 grew increasingly frustrated and interestingly enough
reported being motivated by this frustration as a reaction to the fourth extended response
question of the journal reflection prompt, which could indicate that this game presented
the students with an appropriate level of challenge, another theme to be explored later on
in the supplemental analysis portion of this chapter. While Student #1 (Table 4.39)
reported being “motivated by their frustration”, Student #2 (Table 4.41) boldly claimed
that “the madder they got, the harder they tried”, when I typically observe the opposite
occur when students are frustrated with their traditional schoolwork. In regard to the
relatedness of this game to students’ own activities, Student #1, #2, and #5 all
commented on the similarity between this slingshot-style target game, and the more
widely-played mobile application Angry Birds. For example, Student #5 (Table 4.47)
specifically emphasized that they “liked the style of this game more because it was
shooting a target” in response to the first extended response question presented within the
journal prompt reflection. In addition to experiencing motivation in the form of
relatedness and autonomy, students also experienced feelings of competence. Student #3
(Table 4.42) was observed saying “this makes it super easy to see” and asking the
practitioner researcher if one particular shape was a tetrahedral, in which case their
conjecture was correct. In addition, Student #6 (Table 4.48) was observed celebrating
their in-game success with a “first place baby!” and slightly boasting their ability to “hit
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the target”, which was especially nice to observe when this particular student had
struggled with more traditional explanations of the content prior to playing the
videogame. Lastly, Student #4 (Table 4.45) wrote about being motivated because it
“helped them see the shapes better than we were learning during class” and Student #6
(Table 4.49) felt like they were “definitely entertained by a game more than they are
when doing actual schoolwork.”
When referring to the data concerning the presence of engagement, analysis
revealed a similar trend of agreement and disagreement amongst the case study members.
When asked if they felt like they lost their sense or awareness of time, an average
response rating of 3.83 was given to the first statement found within the fifth extended
response question of the journal reflection prompt, indicating that while indifference does
exist to some degree, most of the students from the case study agreed that they lost their
sense of time while playing the fourth game. In support of this idea, students also
collectively disagreed with the statement concerning their attention to the clock with an
average score of 1.67 to the second statement, indicating that the students felt they did
not pay attention to what time it was, how much time had passed, or how much time was
remaining in class. Furthermore, the six case study participants reported a similar average
score of 2.167 to the third statement, showing that they also disagreed when they were
asked if they experienced distractions while in class or interrupted class to leave. Lastly,
students reported an average scale rating score of 4.167 as a reaction to the fourth
statement, indicating a general consensus of agreement that they felt their learning was
satisfactory when compared with how it would have turned out if this content was taught
through traditional methods such as lecture and notes.
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In addition to the average scale ratings reported by students from the fifth
extended response question, observational dialogue and journal prompt responses also
bolster the notion that the case study participants experienced sensations of engagement
in the form of losing track of time, the absence of interruption and distraction, as well as
evidence that chemistry content was learned. Regarding time, the case study students
reported experiencing higher levels of engagement even though they were slightly
frustrated with how long it took to build each molecule, and therefore how long it took to
move from one series of levels to the next, and eventually beat the game. For example,
Student #1 (Table 4.39) noted that “the structures took long enough to build that they
were more engaged.” In addition to the lack of interruption or distraction that was
observed during class, Student #4 (Table 4.45) opened up about the fact that they would
get “distracted” when they did not understand in class, but not so much when they did not
understand how to play a game, which could indicate that they will focus more on a task
and work harder at learning it if they are motivated to engage with it. In regards to
students overall learning of chemistry standards, as a reaction to the third extended
response question presented within the journal reflection prompt Student #1 (Table 4.39)
learned that organic molecules contain large concentrations of carbon and hydrogen,
Student #2 (Table 4.41) learned that hydrogen likes to bond on the outsides of
compounds while Student #6 (Table 4.49) learned that carbon can be found more
centrally because lots of atoms can bond to it, and Student #5 (Table 4.47) learned about
how most compounds chemically contain oxygen simply because we are constantly
surrounded by oxygen atoms.
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Game #5: ChemCaper, Act I – Petticles in Peril
ChemCaper: Act I - Petticles in Peril is a chemistry role-playing action adventure
game (RPG) based on the University of Cambridge’s International General Certificate of
Secondary Education (IGCSE) Year 7 Chemistry Syllabus (Tham, 2016). Developed by
ACE EdVenture Studio in collaboration with Artoncode, ChemCaper aims to help
students understand and comprehend the subject of chemistry through gameplay and
grasp its concepts from a young age. As of 2017, it has been available for purchase and
download on Steam.

Figure 4.30 ChemCaper, Act I: Petticles in Peril
Gameplay

State Academic Standard(s)
CHEM1.PS2: Motion and Stability: Forces and Interactions 1) Draw, identify,
and contrast graphical representations of chemical bonds (ionic, covalent, and metallic)
based on chemical formulas. Construct and communicate explanations to show that atoms
combine by transferring or sharing electrons. In addition, it is required by the state for
chemistry have a minimum of 30% hands-on and laboratory based investigation.
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Figure 4.31 Student #1 Playing ChemCaper
Table 4.50 Observations of Student #1 Playing ChemCaper
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #5 – ChemCaper Act I: Petticles in Peril
#1
Date: 11/08/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: There are 15 total students in the class (2 are absent), all case
study students are present.
Dialogue: Most of the students seem more tired and exhausted as we head
towards testing and the holiday season. Many of the students have started to
discuss finals. As the students arrive in class this morning, the general mood of
the crowd seems lethargic and apathetic. “When are we on break next?” is
becoming a more increasingly frequent question. There is not much dialogue at
all this rainy morning.
Individual Remarks:
“Okay why is this actually fun”
“What kind of instrument is this?”
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“I like using the mortar and pestle to crush the berries, that is so cool”
Physical Setting: The classroom is warm and humid from the commercial heat
and soaking students. As a result, it has created a slight stench amongst the
classrooms. My glasses won’t stop fogging up as I type these words. All of the
lights are on but as we get into game mode the lights go off and the screens lit.
There is a sense of comfort to a screen lit room, it feels different than warm,
yellow light.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students will take traditional style notes on the Chempendium and
ChemCaper World Map. The Chempendium helps to translate in game
terminology to subject specific chemistry terminology, for example Magness
stands for Magnesium. Once they are aware of the key terms, characters,
locations, and gameplay, students will play the number one chemistry
adventure game in the world! As we play this game through Steam on the
promethean or smartboard, students take turns playing and watching so that
they all have a chance to contribute. This game is accompanied with a
sequence of curriculum and instruction that includes eight lessons which we
will emphasize throughout the week as we play together.
Personal Thoughts: This student came in with tired eyes, beanie and hoodie
on. They had a skeptical reaction at first to this game, especially since there is
a lot more terminology and complexity to it. After having to make a resource
reference called the “Chempendium” that translates the game language to real
life chemistry language, they were the first up to play. You could tell they were
a bit nervous, especially since they were playing on the teacher computer in
front of 14 students watching them on the big screen.
Speculations: Many of the students seem skeptical, it takes a little bit to get
into the heart of the game, and how you use chemical bonding principles in
order to create your weapons and laboratory methods in order to create potions
for healing. Once they began to get into it and see the chemistry connections,
they started to get a little more comfortable.
Feelings: I feel like this student really enjoyed the laboratory part. The whole
class was into it, laughing and encouraging the player. Our class became one
big conversation targeted at the game, unified, everyone on task and engaged.
Essentially all dialogue at this point is directed toward the game. The student
had fun using a mortar and pestle.
Ideas: Could this virtual laboratory be just as efficient in aiding student
learning when compared with actual laboratories? Especially for under
resourced schools such as the Title I school where I practice.
Hunches: I have a hunch that students could explore more concepts and get
deeper into various lab protocols using virtual means, it takes away the danger
associated with lab as well as allows students to have multiple attempts. Often
times lab can be really unforgiving when it comes to your grade! Doing one
little step wrong could cause you to go all the way back to the beginning.
Impressions: Overall, I was really impressed with the range of the virtual
laboratory in ChemCaper. There are many instruments and apparatuses that are
far too expensive, complicated to run, or time consuming that this lab seems to
streamline into easy steps for the students. It could make for great practice
before the real thing. In addition, it gives them a chance to work with tools
they we do not use as often in high school labs, such as a mortar and pestle or
centrifuge. Overall, this student really seemed to enjoy this part as they were
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laughing and smiling and working alongside the entire class when normally
this student is quiet and does not enter into a dialogue.

Table 4.51 Student #1 Journal Reflection Prompt After Playing ChemCaper
Date:
11/12/21
Date:
11/12/21
Date:
11/12/21

Date:
11/12/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3

What parts of the game did you like or find enjoyable? This style of
game kind of reminded me of old games I used to play when I was
younger.
What parts of the game did you dislike? The dialogue had weird
voiceovers.

Extended
Response
Question #4

How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I felt different about this game
at first but now that we have gotten into it I cannot wait until it is my turn
again. This was definitely the coolest game we have played so far.

What did you learn about chemistry today? I learned that I can bond
different types of elements to form different types of compounds, this
didn’t make sense at first but now I feel like I get it more.

(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

It improved my sense of competence and confidence in my learning.
Statement
#1

Statement
#2

1

Statement
#4

Statement
#5
Date:
11/12/21

Extended
Response
Question #5

3

4

5

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

4

5

It made me feel like I was in control.
1

2

3

This format of learning was related to my own personal interests.
1

2

3

4

I was influenced by the element of competition during gameplay.
1
2
3
4

5

5

Were you engaged in your learning during gameplay? I was really
engaged even when I was not playing I liked watching who was playing
and helping them complete quests and stay alive.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)
I lost track of or awareness of time during gameplay.
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Statement
#1
Statement
#2

1

2

3

4

5

4

5

4

5

I looked at the clock frequently during class.
1

2

3

My mind was on other things or leaving during class.
Statement
#3

1

Statement
#4

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1
2
3
4
5

Statement
#5

2

3

I would play this game at home in my spare time or socially with my
friends.
1

2

Figure 4.32 Student #2 Playing
ChemCaper
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3

4

5

Table 4.52 Observations of Student #2 Playing ChemCaper
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #5 – ChemCaper Act I: Petticles in Peril
#2
Date: 11/08/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: There are 15 total students in the class (2 are absent), all case
study students are present.
Dialogue: Most of the students seem more tired and exhausted as we head
towards testing and the holiday season. Many of the students have started to
discuss finals. As the students arrive in class this morning, the general mood of
the crowd seems lethargic and apathetic. “When are we on break next?” is
becoming a more increasingly frequent question. There is not much dialogue at
all this rainy morning.
Individual Remarks:
“This game is a lot like Prodigy or RuneScape”
“Bro you do not want this beef!” (Talking to computer-based characters in the
game).
“I can’t wait until it is my turn again!”
Physical Setting: The classroom is warm and humid from the commercial heat
and soaking students. As a result, it has created a slight stench amongst the
classroom. My glasses won’t stop fogging up as I type these words. All of the
lights are on but as we get into game mode the lights go off and the screens lit.
There is a sense of comfort to a screen lit room, it feels different than warm,
yellow light. The graphics and colors of this game look awesome up on the
promethean board.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Activities: Students will take traditional style notes on the Chempendium and
ChemCaper World Map. The Chempendium helps to translate in game
terminology to subject specific chemistry terminology, for example Magness
stands for Magnesium. Once they are aware of the key terms, characters,
locations, and gameplay, students will play the number one chemistry
adventure game in the world! As we play this game through Steam on the
promethean or smartboard, students take turns playing and watching so that
they all have a chance to contribute. This game is accompanied with a
sequence of curriculum and instruction that includes eight lessons which we
will emphasize throughout the week as we play together.
Personal Thoughts: This student was sitting right behind student #1 helping as
they played in the “gaming chair” in front of the class on the large promethean
smartboard. As the little brother, I often remember watching my brother play
videogames and helping him along the way, perhaps to stop and check
something out or offering advice on how to beat a certain part, so this brought
back some fond memories for me. Once this student took the game chair, there
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were several others crowded up front around the gamer and promethean board
helping out, encouraging, and of course talking some playful smack.
Speculations: Even though the students seemed to be skeptical of this game at
first, they are all getting into it and seems like they are having a lot of fun. A
few of the students that normally do not do hardly anything at all are
participating, engaged, and motivated in a way that I have not seen yet this
semester. It really is nice to see how this game has managed to bring everyone
together since we are playing on one screen.
Feelings: I feel like if it were not for this game, this particular student would
not have the understanding of chemical bonding that they currently do have.
Their turn has been spent crafting weapons getting ready to go out and train,
and so they have been using nonmetal orbs to create covabons, metal orbs to
create metabons, and nonmetal and metal orbs to create iobons, this bons result
in petticles (particles) that are used to combat the antagonists in the game.
With that being said, this game is unplayable without a basic level mastery of
lap apparatus and protocol, as well as chemical bonding principles.
Problems: How can I tie in the language of this game into the language of my
teaching? This is definitely a good problem to have, figuring out how to use
ChemCaper as a textbook.
Ideas: I should develop a chemical bonding unit that is actually based off of
the principles found in ChemCaper.
Hunches: I have a hunch that more students on average would have a better
understanding of chemical bonding principles if it is taught through gamebased learning methods. This is really when chemistry starts to get
conceptually difficult, as we start to combine the elements in fixed ratios and
then these fixed ratios or compounds react together to form entire chemical
reactions, many students get lost, and I believe ChemCaper has the power to
find them.
Impressions: Overall, I am most impressed with this student’s ability to get in
the gaming chair confidently and be willing to click and make mistakes in the
chemical bonding process. Once they made their weapons and experienced
success in combat, they really did show a newfound confidence I have not seen
before. I feel like this game relates a lot to the other games this student likes to
play.

Table 4.53 Student #2 Journal Reflection Prompt After Playing ChemCaper
Date:
11/12/21
Date:
11/12/21
Date:
11/12/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3

What parts of the game did you like or find enjoyable? This definitely
reminds me of some games I used to play.
What parts of the game did you dislike? How our saved data didn’t
show back up at first after we died, that was kind of scary.
What did you learn about chemistry today? I learned a lot about
different lab apparatus and steps.
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Date:
11/12/21

Extended
Response
Question #4

How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? I thought I was more motivated
to learn chemistry through this game versus when we took notes and
completed assignments.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

Extended
Response
Question #5

2

3

4

5

2

3

4

5

2

3

4

5

I was influenced by the element of competition during gameplay.
1

Date:
11/12/21

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

Were you engaged in your learning during gameplay? This game is
more like other games I play so I thought I was more engaged than
normal.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

4

5

2

3

4

5

4

5

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

2

Statement
#5
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3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

4

Figure 4.33 Student #3 Playing
ChemCaper
Table 4.54 Observations of Student #3 Playing ChemCaper
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #5 – ChemCaper Act I: Petticles in Peril
#3
Date: 11/08/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: There are 15 total students in the class (2 are absent), all case
study students are present.
Individual Remarks:
“Ahh man, I can’t wait to play can I get next!”
“How do I do this part”
“Should I bond my two Oxygens to make a level 2 Oxyto or an oxygen and a
hydrogen to make a Hizo?
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5

Dialogue: Most of the students seem more tired and exhausted as we head
towards testing and the holiday season. Many of the students have started to
discuss finals. As the students arrive in class this morning, the general mood of
the crowd seems lethargic and apathetic. “When are we on break next?” is
becoming a more increasingly frequent question. There is not much dialogue at
all this rainy morning.
Physical Setting: The classroom is warm and humid from the commercial heat
and soaking students. As a result, it has created a slight stench amongst the
classroom. My glasses won’t stop fogging up as I type these words. All of the
lights are on but as we get into game mode the lights go off and the screens lit.
There is a sense of comfort to a screen lit room, it feels different than warm,
yellow light.
Activities: Students will take traditional style notes on the Chempendium and
ChemCaper World Map. The Chempendium helps to translate in game
terminology to subject specific chemistry terminology, for example Magness
stands for Magnesium. Once they are aware of the key terms, characters,
locations, and gameplay, students will play the number one chemistry
adventure game in the world! As we play this game through Steam on the
promethean or smartboard, students take turns playing and watching so that
they all have a chance to contribute. This game is accompanied with a
sequence of curriculum and instruction that includes eight lessons which we
will emphasize throughout the week as we play together.
Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: This student arrived late from a doc appointment but was
able to get the Chempendium knowledge the previous day. As they came into
class they had a very surprised look on their face and said, “Woah what is
this?” not realizing the game we discussed would have such a cool look to it! I
said, “I told you I thought it looked like World of WarCraft”, and they replied
“Ahh man, I can’t wait to play can I get next?”
Speculations: Upon first impression this game worked as an excellent hook for
this student, as they watched the first few minutes of gameplay, they were
motivated to engage with lab apparatus and protocol, as well as chemical
bonding problems in a way that they would not have with more traditional
modes of learning such as lecture notes and homework problems.
Feelings: I feel like this particular student is really enjoying the first few
minutes sitting down to play. Their turn has consisted of mainly battling
opponents using the previously crafted potions and chemically bonded
weaponry. Right before class ended they got the chance to take on the big final
boss of that particular part of the game and the whole class cheered as the Sea
Beast went down in the battle as student #3 shot nitrogen, oxygen, and
potassium at the creature.
Problems: I did not particularly consider the fact that with ChemCaper,
different players would be playing different parts of the game. Some students
today played the more tedious crafting parts, and some played the more
exciting fighting parts. I had a few that felt like they missed out saying that
their turn was “boring”.
Ideas: If players are taking turns playing this game, I think it is important they
get an even balance of laboratory, bonding, and combat so that it remains fair.
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Hunches: Could I potentially write a grant that could allow my students to
purchase this $20 game for their own use? Many have admitted to asking their
parents for it, and a lot of my students actually play the games we have played
in class when they are bored.
Impressions: I am really impressed with the range of gameplay and the
graphics of ChemCaper. The students are enthralled when they play it, no other
game has been able to acquire this level of attention as a model or MKO.
Interestingly enough, this is the only game we have played where there is one
player at a time (5-10 minute turns), and the rest of the class works as an aid. A
few experts have risen out of the crowd, and they seem to command the
gameplay as far as what to do, where to go, and what to make. The fact that
this game has given students the opportunity to become an expert in a field that
they otherwise would not care to engage in.

Table 4.55 Student #3 Journal Reflection Prompt After Playing ChemCaper
Date:
11/12/21
Date:
11/12/21
Date:
11/12/21
Date:
11/12/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? There was a
lot to do u would have to grind most people would say for instance there
is a boss that u would have to kill in order to do that u have to get better
What parts of the game did you dislike? How it messed up when we
lost our account we had to restart.
What did you learn about chemistry today? How to follow certain lab
procedures that we do not have the tools for in our lab.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? Chemcaper was so much fun to
watch and play. I learned a lot about laboratory stuff that we do not even
have here at school in our lab.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

5

2

3

4

5

2

3

4

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

I was influenced by the element of competition during gameplay.
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5

1
Date:
11/12/21

Extended
Response
Question #5

2

3

4

5

Were you engaged in your learning during gameplay? Yes but the
best part was getting to make the potions, I was so good at it the class
called me the “potion master”
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

5

2

3

4

5

2

3

4

5

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

4

My mind was on other things or leaving during class.
1

Statement
#4

3

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2
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3

4

5

Figure 4.34 Student #4 Playing
ChemCaper

Table 4.56 Observations of Student #4 Playing ChemCaper
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #5 – ChemCaper Act I: Petticles in Peril
#4
Date: 11/08/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: There are 15 total students in the class (2 are absent), all case
study students are present.
Dialogue: Most of the students seem more tired and exhausted as we head
towards testing and the holiday season. Many of the students have started to
discuss finals. As the students arrive in class this morning, the general mood of
the crowd seems lethargic and apathetic. “When are we on break next?” is
becoming a more increasingly frequent question. There is not much dialogue at
all this rainy morning.
Individual Remarks:
“What even is this instrument called?”
“What does a centrifuge do?”
“Where do I go from here?”
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“Oh no… I think I died…”
Physical Setting: The classroom is warm and humid from the commercial heat
and soaking students. As a result, it has created a slight stench amongst the
classroom. My glasses won’t stop fogging up as I type these words. All of the
lights are on but as we get into game mode the lights go off and the screens lit.
There is a sense of comfort to a screen lit room, it feels different than warm,
yellow light.
Activities: Students will take traditional style notes on the Chempendium and
ChemCaper World Map. The Chempendium helps to translate in game
terminology to subject specific chemistry terminology, for example Magness
stands for Magnesium. Once they are aware of the key terms, characters,
locations, and gameplay, students will play the number one chemistry
adventure game in the world! As we play this game through Steam on the
promethean or smartboard, students take turns playing and watching so that
they all have a chance to contribute. This game is accompanied with a
sequence of curriculum and instruction that includes eight lessons which we
will emphasize throughout the week as we play together.
Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: This student came in this morning calm and quiet with
breakfast in hand. As they sat down at their desk, they got their chromebook
out, hooked it up on the charger and unwrapped their foiled biscuit. They
continued to ask me what the plan for the day was and were once again excited
to find out that our lesson would be game-based today, even though this
student was a little reluctant to have “take notes over a game”, they quickly
understood why as we began to translate the in game terminology.
Speculations: I am speculating that even though this student plays games less
than the other students in the case study, they will still be motivated to engage
in the learning process and participate more frequently in class dialogue.
Feelings: Based on their current reactions during the first turn playing, they are
laughing at some of the characters and emotionally connecting to the
gameplay. This student was actually the first to die, and it was amazing to see
what failure looks like in the capacity of game-based learning.
Problems: With traditional assignments, it seems that it can be problematic
when students “fail” or receive a bad grade, but during the game-based
learning experience, failure (death of main character or making a weak potion
because of not following lab protocol) students are not as bothered and so
willing to try again.
Ideas: Why is failure a natural part of mastery in a videogame but for some
reason failure on the way to mastery of school concepts is unacceptable or
unnatural?
Hunches: Based on my observations, I have a hunch that most of my students
are comfortable and familiar with failure in videogames, it does not seem to
bother them at all.
Impressions: As this game has been become more difficult, the rhythm has
become laboratory to craft potions, sell potions for money so you can buy
elements to make weapons, and then going to combat antagonists to win points
and items. With that being said, the combat has gotten difficult and the game
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more complex. As the game rises in challenge, I am impressed with student’s
ability to rise to this challenge, as well as with the game’s ability to scaffold
them on the way to a level of mastery. Whereas when traditional work gets
more complex, students become quickly discourage, especially if they try to
understand and still cannot.

Table 4.57 Student #4 Journal Reflection Prompt After Playing ChemCaper
Date:
11/12/21
Date:
11/12/21
Date:
11/12/21
Date:
11/12/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? I liked that the
game was an rpg. I liked fighting the monsters. It is a lot like other games
I play.
What parts of the game did you dislike? I did not like how difficult it
was at first before we were able to fight.
What did you learn about chemistry today? That oxygen and nitrogen
will react with potassium.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? It created an environment where
it was ok to fail. If we died or messed up it was no big deal we could just
go back and correct our mistake.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

Extended
Response
Question #5

2

3

4

5

2

3

4

5

2

3

4

5

I was influenced by the element of competition during gameplay.
1

Date:
11/12/21

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

Were you engaged in your learning during gameplay? Yes, it was an
engaging day where I lost track of time.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)
I lost track of or awareness of time during gameplay.
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Statement
#1

1

2

3

4

5

4

5

4

5

I looked at the clock frequently during class.
Statement
#2

1

2

3

My mind was on other things or leaving during class.
Statement
#3

Statement
#4

1

3

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1

Statement
#5

2

2

3

4

5

I would play this game at home in my spare time or socially with my
friends.
1

2

Figure 4.35 Student #5 Playing
ChemCaper
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3

4

5

Table 4.58 Observations of Student #5 Playing ChemCaper
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #5 – ChemCaper Act I: Petticles in Peril
#5
Date: 11/08/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: There are 15 total students in the class (2 are absent), all case
study students are present.
Dialogue: Most of the students seem more tired and exhausted as we head
towards testing and the holiday season. Many of the students have started to
discuss finals. As the students arrive in class this morning, the general mood of
the crowd seems lethargic and apathetic. “When are we on break next?” is
becoming a more increasingly frequent question. There is not much dialogue at
all this rainy morning.
Individual Remarks:
“Dude I am so tired, today is not my day”
“Do we have to do this?”
“Here I’ll just play for a second”
Physical Setting: The classroom is warm and humid from the commercial heat
and soaking students. As a result, it has created a slight stench amongst the
classroom. My glasses won’t stop fogging up as I type these words. All of the
lights are on but as we get into game mode the lights go off and the screens lit.
There is a sense of comfort to a screen lit room, it feels different than warm,
yellow light.
Activities: Students will take traditional style notes on the Chempendium and
ChemCaper World Map. The Chempendium helps to translate in game
terminology to subject specific chemistry terminology, for example Magness
stands for Magnesium. Once they are aware of the key terms, characters,
locations, and gameplay, students will play the number one chemistry
adventure game in the world! As we play this game through Steam on the
promethean or smartboard, students take turns playing and watching so that
they all have a chance to contribute. This game is accompanied with a
sequence of curriculum and instruction that includes eight lessons which we
will emphasize throughout the week as we play together.

Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: This student seems to be really tired this morning, they
came into class and just took their backpack off and laid their head down.
Typically, my students at least take the time to get their phone out! They
definitely seem to be exhausted as we progress toward the end of the week.
Speculations: I am speculating this this student worked pretty late last night at
their job working at the fast food restaurant.

207

Feelings: I am left with the feeling that this student may not have it in them
today, and that they are perhaps too tired to get motivated enough to
productively engage in the assignment today.
Problems: Since games come off as less formal and traditional, students could
perhaps be less likely to interact in the lesson, just because it does not seem as
intimidating of a grade or mandatory.
Ideas: When this does occur, how can we present game-based learning
opportunities in curriculum and instruction in such a way that all of our
students take it as seriously as they would a test?
Hunches: I have a hunch that some students are motivated to engage in
learning when it is game-based because it is related to their personal interests,
is something they feel confident in doing, and gives them the control to make
their own decisions, while some are not as motivated because it just doesn’t
seem as rigorous of a grade or as formal of an assignment.
Impressions: There still seem to be some students that this game-based
learning intervention is not reaching, ironically enough I have observed a
couple of students even play games on their phone during the game-based
learning intervention, however the ones who were selected for the case study
based on certain criteria all seem to be responding positively in regard to
motivation and engagement. This students dialogue is all directed toward
chemistry, they are not leaving the classroom as frequently, and they seem to
be in a better mood as we are gaming.

Table 4.59 Student #5 Journal Reflection Prompt After Playing ChemCaper
Date:
11/12/21
Date:
11/12/21
Date:
11/12/21
Date:
11/12/21

Extended
Response
Question #1
Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

What parts of the game did you like or find enjoyable? I really
enjoyed the gameplay this was by far my favorite game we played. I
really liked making the potions.
What parts of the game did you dislike? Nothing really, I like
everything about the game
What did you learn about chemistry today? I learned that different
elements bond in different combinations and I really liked learning in the
laboratory.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? Yes I play games all the time at
home, so I much prefer to learn this way when compared with other
things we have done in class.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

2

3

4

It made me less afraid to make a mistake or more willing to try new
things.

208

5

1
Statement
#3

Extended
Response
Question #5

5

2

3

4

5

2

3

4

5

I was influenced by the element of competition during gameplay.
1

Date:
11/12/21

4

This format of learning was related to my own personal interests.
1

Statement
#5

3

It made me feel like I was in control.
1

Statement
#4

2

2

3

4

5

Were you engaged in your learning during gameplay? Yes
videogames keep my attention even if I don’t like them that much.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

3

4

5

4

5

4

5

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

My mind was on other things or leaving during class.
1

2

3

Statement
#4

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1
2
3
4
5

Statement
#5

I would play this game at home in my spare time or socially with my
friends.
1

2
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4

5

Figure 4.36 Student #6 Playing
ChemCaper

Table 4.60 Observations of Student #6 Playing ChemCaper
Number and Title of
Video Game
Case Study Student
ID #
Demographic Data
(time, place, date,
location)

Game #5 – ChemCaper Act I: Petticles in Peril
#6
Date: 11/08/21
Time: 8:00am – 9:45am
Place: Public High School

Descriptive Data of
Research Setting
(participants,
dialogue, physical
setting, activities)

Location: Chemistry Classroom
Participants: There are 15 total students in the class (2 are absent), all case
study students are present.
Dialogue: Most of the students seem more tired and exhausted as we head
towards testing and the holiday season. Many of the students have started to
discuss finals. As the students arrive in class this morning, the general mood of
the crowd seems lethargic and apathetic. “When are we on break next?” is
becoming a more increasingly frequent question. There is not much dialogue at
all this rainy morning.
Individual Remarks:
“Y’all chill out I am doing it”
“Haha okay I think I got this now”
“Dude I can’t believe I died, I almost had him!”
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Physical Setting: The classroom is warm and humid from the commercial heat
and soaking students. As a result, it has created a slight stench amongst the
classroom. My glasses won’t stop fogging up as I type these words. All of the
lights are on but as we get into game mode the lights go off and the screens lit.
There is a sense of comfort to a screen lit room, it feels different than warm,
yellow light.
Activities: Students will take traditional style notes on the Chempendium and
ChemCaper World Map. The Chempendium helps to translate in game
terminology to subject specific chemistry terminology, for example Magness
stands for Magnesium. Once they are aware of the key terms, characters,
locations, and gameplay, students will play the number one chemistry
adventure game in the world! As we play this game through Steam on the
promethean or smartboard, students take turns playing and watching so that
they all have a chance to contribute. This game is accompanied with a
sequence of curriculum and instruction that includes eight lessons which we
will emphasize throughout the week as we play together.
Reflective Data on
Case Study Members
(personal thoughts,
speculations, feelings,
problems, ideas,
hunches, impressions)

Personal Thoughts: Was late because she had to go get her school breakfast,
seemed frazzled, rushed, and unsettled, almost as if they got up late and barely
got to school on time.
Speculations: I am speculating that this student is currently not in the right
mindset for school, especially after the start their morning has gotten off to.
Their mind is definitely on other things.
Feelings: I have a feeling that this student might be too distracted today by
other things going on in their social or personal life. They have already asked
to leave class a couple times for different reasons, and we have yet to start
playing the game. Since this student is in the front, they are up in the main
group of students contributing to the gameplay, but not as involved as the
others it seems.
Problems: Once it became this student’s turn to play, it was apparent that they
had not really been paying attention, because they were not aware of what to
do, similar to how when a teacher cold calls on a sleeping student in the middle
of a lesson. Let’s just say I heard the “uh” sound several times. The pace of the
gameplay slowed down, and students became slightly frustrated with the
players lack of knowing what to do or where to go.
Ideas: Similar to ideas of graceful failure, based on this student’s reactions of
not knowing how to play the game, they did not seem as embarrassed or less
confident when they didn’t know what to do. They were able to take the
student’s direction and compensate for their knowledge gap rather quickly.
Could games have an ability to catch students up quicker since the content is
formatted in something more familiar such as a video game? In fact, they
seemed okay with making fun of themselves even for their lack of ability
because they weren’t paying attention.
Hunches: Since I as the observer was vocally uninvolved at this point, I have a
hunch that with all of the students and video game serving as MKO’s they had
a powerful impact.
Impressions: I was really impressed with this student’s ability to compensate
for their gaps in knowledge as quickly as they did. In addition, I believe that
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the dialogue between the gaming students and the assisting students really
worked to scaffold this student during gameplay. Whereas this student started
out the day on a shaky foundation, it seemed to take a turn for the better as a
result of their gameplay.

Table 4.61 Student #6 Journal Reflection Prompt After Playing ChemCaper
Date:
11/12/21

Extended
Response
Question #1

Date:
11/12/21

Extended
Response
Question #2
Extended
Response
Question #3
Extended
Response
Question #4

Date:
11/12/21
Date:
11/12/21

What parts of the game did you like or find enjoyable? that we had to
actually think and build up other chemical compounds to be stronger and
better at the game. The better we got at bonding, the stronger our
character got.
What parts of the game did you dislike? The enemies were too tough
at first and they killed us very easily.
What did you learn about chemistry today? That certain chemicals are
stronger than others. The nitrogen is the strongest weapon because of the
triple bond it has.
How was your motivation to learn chemistry impacted, compared to
more traditional methods of teaching? This was definitely my favorite
game we have played so far as a class; I was highly motivated by the
potions and weapons we could create. It was cool to see our character get
stronger like in other games.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)

Statement
#1

It improved my sense of competence and confidence in my learning.
1

Statement
#2

Date:
11/12/21

Extended
Response
Question #5

5

2

3

4

5

2

3

4

5

This format of learning was related to my own personal interests.
1

Statement
#5

4

It made me feel like I was in control.
1

Statement
#4

3

It made me less afraid to make a mistake or more willing to try new
things.
1

Statement
#3

2

2

3

4

5

I was influenced by the element of competition during gameplay.
1
2
3
4
5
Were you engaged in your learning during gameplay? Yes I really
liked fighting the alycons with our petticles. That was definitely the
coolest part. I like rpg games, so the fighting was the best.
(Scale: 1 = strongly disagree, 2 = disagree, 3 = indifferent, 4 = agree, 5
= strongly agree)
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Statement
#1

I lost track of or awareness of time during gameplay.
1

Statement
#2

Statement
#4

Statement
#5

3

4

5

4

5

4

5

I looked at the clock frequently during class.
1

Statement
#3

2

2

3

My mind was on other things or leaving during class.
1

2

3

I learned and/or retained chemistry concepts that I otherwise do not think
I would have.
1
2
3
4
5

I would play this game at home in my spare time or socially with my
friends.
1

2

3

4

5

Following our play of the fifth and final game implemented during the GBL
intervention, it became evident that learning chemistry standards through this particular
collection of educational videogames continued to appeal to this specific population of
students throughout the AR cycle. Once again, case study participants had an average
response of 4.0 when competence was inquired upon during the first statement presented
with the fourth extended response question of the journal reflection prompt, indicating an
agreement that their sense of competency improved as a result of the gameplay.
Furthermore, an average rating of 4.167 was given in response to the third statement
when students were asked if they felt like they were in control of their learning during the
game, indicating that they experienced autonomy and felt encouraged to make their own
decisions throughout the game. In addition, Game #5 (Figure 4.30) elicited the highest
average rating response for relatedness, a 4.33, showing that this open world, crafting,
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and fighting RPG was closely related to the videogames this population of students is
motivated to play in their spare time.
In addition to the average scale ratings reported by students from the fourth
extended response questions, observational dialogue and other journal reflection prompt
responses also support the notion that students experienced phenomena of motivation in
the form of competence, relatedness, and autonomy. Concerning ideas of relatedness,
many of the students including Student #1 (Table 4.50), Student #2 (Table 4.53), and
Student #4 (Table 4.57) all commented on the fact that this game was fun, and they liked
it because it resembles other games that they play on their own time or reminded them of
videogames that they played when they were younger, such as Prodigy, Runescape, or
World of Warcraft. More specifically, as a reaction to the fourth extended response
question, Student #5 (Table 4.59) wrote in their journal reflection about how they
thoroughly enjoyed the gameplay and stated that this game in particular was their favorite
because they “play games all of the time at home” and so they “much prefer to learn this
way when compared with other things we have done in class”. In addition to the
relatedness, observations of case study participant dialogue indicated that case study
participants experienced feelings of competence, such as when Student #2 (Table 4.52)
was observed jarring “Bro you do not want this beef!” to one of the monsters in the game
shortly before sending them to their ultimate demise, while Student #3 (Table 4.54)
groaned out in anticipation “Ahh man, I can’t wait to play can I get next!” and Student #2
(Table 4.52) complained that they could not wait until it was their turn again. In regard to
autonomy, all case study students were observed enjoying the fact that this game allowed
them to make their own decisions, especially when it came to choosing what potions to
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create, apparatuses to trace, and ingredients to buy as well as enjoyed creating their
fighting weapons from bonding different types of elements to form different types of
compounds. In addition, students could choose their preferred way of exploring within
the game, such as potion crafting, chemical bonding to make weapons, discovering
locations on the map, fighting bad guys, or collecting items.
In regard to their overall level of engagement, it was evident that students
experienced engagement or “flow” to some degree at various points throughout the GBL
intervention. Once again, students all generally agreed with the idea that they lost their
track of or awareness of time with an average reported scale rating of 4.167 in response
to the first statement in the fifth extended response question of the journal reflection
prompt. In addition, they also generally disagreed with the notion that they were paying
attention to the clock during gameplay with an average scale rating response of 2.167 to
the second statement, which could indicate a lack of concern for how much class time has
passed or when class will end. Furthermore, students gave an average rating of 2.33 for
the third statement when asked if they were distracted during the lesson or wanted to
interrupt class to leave, showing that they experienced limited distractions and
interruptions as they played this final game. Last but certainly not least, case study
participants provided an average score of 3.83 to the fourth statement concerning their
self-evaluation of learning chemistry concepts that they otherwise would not have been
motivated to learn or understand. This rating shows that while some exhibited
indifference, the majority of the case study members agreed with the idea that their
learning of the chemistry concept or standard was satisfactory.
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In addition to the average scale ratings reported by the case study members from
the fifth extended response question, observational dialogue and journal prompt
responses also bolster the notion that these six participants experienced sensations of
engagement in the form of losing track of time, the absence of interruption and
distraction, as well as evidence that chemistry content was learned. In reference to
students’ awareness of time, you could tell Student #3 (Table 4.54) was so excited to play
this game that I feel as if time actually went by slower for them and they became antsy as
it got closer to their turn to play, while Student #2 (Table 4.52) felt similarly after their
time was up and they exclaimed, “I cannot wait until it is my turn again!”. As the teacher
researcher, I personally felt class time went by the quickest while we played this game,
and I must admit that I lost my awareness of time as if I was playing my own game at
home. Furthermore, I have found that I enjoy playing ChemCaper for leisure and
entertainment even if it is not necessarily for teaching. In addition, students reported
experiencing limited interruption and distraction as they played through the fifth and final
game. As a reaction to the fifth extended response question of the journal reflection
prompt, Student #1 (Table 4.51) claimed that even when they were not playing, they
liked watching who was playing and helping them to complete quests and stay alive,
Student #2 (Table 4.53) reported being “more engaged than normal” as a result of the
similarity between this game and other games they like to play, while Student #4 (Table
4.57) commented that it was an “engaging day where they lost track of time” and Student
#5 (Table 4.59) stated that they were engaged and that “videogames keep their attention
even if they don’t like them that much”. Lastly, in regard to the student learning that took
place, the case study participants expressed a variety of different takeaways including
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learning that different types of elements bond in order to form different types of
compounds, and that we use a follow a wide range of lab procedures and use a plethora of
instruments in order to achieve this goal. In addition, as a reaction to the fourth extended
response question of the journal reflection prompt, Student #3 (Table 4.55) highlighted
the fact that our lab does not have the instruments or substances that we used in the game,
and that this game actually gave us an opportunity to perform some labs and use virtual
instruments that otherwise the students would not have the chance to encounter and work
with. Furthermore, both Student #4 (Table 4.57) and Student #6 (Table 4.61) learned
about the reactivity level of some elements, noting that alkali metals such as Potassium
are extremely reactive compared with some other metals, and that nitrogen is specifically
the strongest weapon in this game as a result of the triple bond that it contains.
Supplemental Analysis
In order to paint a complete and wholesome picture of the motivational and
engagement effects of this GBL intervention on this particular rural and
socioeconomically disadvantaged population of career technical education students, a
diverse collection of theories was integrated into the framework for this study (Figure
4.1). As a result of the amount of a priori categories that were generated by this
theoretical foundation, supplemental analysis of the findings that are associated with
these additional themes (Table 4.1) can be found below.
Social Constructivism Theory Elements
Competition and Collaboration
According to Plass et al. (2013), “the recent surge in interest in digital games as
tools for learning offers up a new forum for investigating learning as a social activity” (p.
1051). One of these types of social interactions is known as competition, a routine
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component embedded within videogames, and can either take place as a result of two
players in direct competition against one another, or in some cases such as that found in
this particular study, “competition means that two or more players compete for the same
goal and play the same game individually but are aware of each other’s progress and
score” (p. 1052). More specifically, Fu et al. (2009) showed that when competitive
features are present, students were found to display enhanced analytical skills. As a result
of how common competition is encountered during gameplay and taking into
consideration that some research indicates improved student performance in competitive
settings, competition was identified in his study as a supplemental theme for analysis.
As a part of the fourth extended response question from the journal reflection
prompt completed following gameplay, the six case study participants were asked to rate
the fifth statement, “I was influenced by the element of competition during gameplay” on
a scale from 1 to 5 with a rating of one indicating an opinion of strong disagreement, two
indicating disagreement, three representing indifference, four indicating agreement, and a
rating of five indicating strong agreement. After playing Game #1 (Figure 4.2), the six
case study participants gave an average scale rating of 3.83, indicating they fall
somewhere between indifference and agreement that they were influenced by
competition. After Game #2 (Figure 4.9), an average score of 4.5 was reported, indicating
that the students agreed they were influenced by the element of competition during
gameplay. In addition, during Games #3 (Figure 4.16) and #4 (Figure 4.23), students
reported an average scale rating of 4.167 and 4.67, respectively, once again indicating an
agreement that they were influenced by the element of competition during gameplay.
Finally, after playing Game #5 (Figure 4.30), students reported an average rating of 4,
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indicative that the six case study participants are generally in agreement that they were
influenced by the element of competition throughout the GBL intervention.
Furthermore, observations of students during gameplay contain evidence of that
competition was indeed experienced. During Game #1, Student #5 (Table 4.10) who is
normally indifferent to most traditional work was motivated, engaged, and observed
stating the following comments “I am going to beat you”, “I am already past that one”,
and “I bet I could beat you at this game Mr. Lackey”, all of which were in the spirit of
fun and competition. Once again, during gameplay of Game #2, Student #5 (Table 4.22)
was observed constantly checking with others to see “what level” they are on, and once
Student #5 (Table 4.22) would find out the verdict, it was typically followed by an “I am
ahead of you!”, or “how did you get past that level?” and Student #3 (Table 4.19)
admitted to the game “getting more fun as we got more competitive”. Oftentimes when
students were asked what their favorite part about Game #3 was, they commented “I
liked winning” or “having the high score”, as was the case for Student #6 (Table 4.37).
During Game #4, Student #4 (Table 4.45) stated “me and my friend got in a heated
competition and it was fun racing to the end” and Student #6 (Table 4.48) was observed
shouting “first place baby!” when they found out they had built more structures than
anyone else in class.
However, competition was not always the result of the social interactions that
occurred between participants during gameplay, oftentimes social exchanges would
instead result in collaboration. During collaboration, two or more learners interact and
dialogue in a synchronous manner in order to navigate shared meanings and work
together mutually and persistently to solve problems (Dillenbourg, 1999). While playing
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Game #1 (Figure 4.2), Student #1 (Table 4.2) was observed asking their table partner,
“Woah! How did you do that?”, “Can I see where you found that?”, and “What did you
do here?”, in each case receiving helpful feedback. In addition, the following dialogue
was observed taking place between Student #3 (Table 4.6) and their partner, “How do I
do this one again?”, “Can you help me with this one?”, and “Does this number mean
there are 29 protons and 29 electrons?”. Lastly, Student #4 (Table 4.8) and their partner
were observed asking each other, “Okay so is this how I do this?” and “Does this look
right?” during their social interaction. At one particular moment during gameplay of
Game #2 (Figure 4.9), essentially the entire class was stuck on one level and Student #1
(Table 4.14) said aloud to the class, “Look you are positive so you will attract those
circles to the button and then be able to go through the door”, and we were all able to
figure out how to progress to the next stage of the game. After finishing up Game #2
early, Student #4 (Table 4.20) was asked by Student #5 (Table 4.22), “how did you get
past this part?” and responded with “do you want me to help you with that one?”. During
gameplay of the fifth and final game of the intervention (Figure 4.30), only one player
was able to play on the classroom smartboard at a time, and as we took turns a large
crowd of students grew towards the front whose sole purpose became to help the primary
player. Even at times when the player who was playing was inexperienced with the game
or unaware of how to play, they would be able to fill in their knowledge gaps with the
help of the observers. In fact, many of the students reported enjoying and preferring their
role as an observer when compared with being a player. According to Plass et al. (2015),
videogames can not only have an effect on players, but also observers, who are labeled as
part of a videogame’s social context and offer both advice and/or encouragement to the
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players throughout gameplay. Furthermore, they claimed that at times “nonplayers seem
to be equally focused and engaged” when compared with players, and in some particular
cases such as when deHaan et al. (2010) discovered that oftentimes “observers have been
found to learn more from the game than players” (as cited in Plass et al., 2015, p. 275).
Zone of Proximal Development and Scaffolding
Vygotsky (1978) defined the difference between what a child can independently
achieve on their own versus what they can accomplish with the help or assistance from
more knowledgeable others (MKOs) as a student’s zone of proximal development (ZPD)
and that students are more likely to successfully navigate their ZPD and improve their
learning if they are provided with scaffolds such as hints, leading questions, or clues
during early phases of instruction. Pea (1985) and Salomon (1988) were some of the first
researchers to suggest that perhaps technology could play a similar role serving students
as an MKO, taking advantage of software and computer programs designed to initially
scaffold students and then gradually fading these supports as students were able to show
growth in competency and performance (Cotterall & Cohen, 2003). Plass et al. (2015)
claimed that high quality gaming experiences aim for the “sweet spot” or fall within
students’ ZPDs in which they will encounter appropriately leveled challenges where they
struggle but are able to overcome, noting that “when there are too many demands,
options, challenges, we become anxious” and “when there are too few, we get bored”
(Csikszentmihalyi, 1990, p. 7). With that being said, in order to provide evidence that
students experienced their ZPDs and felt appropriately scaffolded, units of data
containing the term or root word “challenge” comments highlighting the difficulty level
of the games, and observational indicators of frustration were identified.
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During Game #1 (Figure 4.2), it was visibly observable that this game fell below
the appropriate challenge level of the case study participants, although it was used to
teach about a less complex concept that most students have historically demonstrated
mastery over pretty quickly. Once most students understood how to manipulate the
number of protons, electrons, and neutrons within the game, they were all able to
represent the assigned elements successfully and accurately from the periodic table.
Many of them commented on how easy or simple it was, rather than describing how
challenging or tough it was. However, according to my observations, the next four games
seemed to fall in alignment with students’ ZPDs as they were all observably frustrated
with their struggles and excited about their achievements, as well as reflected on the
challenge and difficulty level of the games in their journals. Following play of Game #2
(Figure 4.9), as a reaction to the first extended response question of the journal reflection
prompt Student #1 (Table 4.15) reported enjoying how “the levels got harder and harder”
as they learned about how opposites attract, while Student #2 (Table 4.17, Extended
Response Question #4) wrote about how their confidence grew as they learned more
“even though the levels got more difficult” in their journal reflection prompt, and Student
#6 (Table 4.25, Extended Response Question #4) commented on how “even though the
game got more challenging” and took longer to beat, they still “got it done”. When
playing Game #3 (Figure 4.16), it was nice to observe Student #5 (Table 4.34) claim that
they were getting the hang of it, but that it was “challenging” and made them think twice
about their bonding strategies. Of all the games that were played, Game #4 (Figure 4.23)
seemed to be the most frustrating for students as a result of how difficult it was to hit the
target on the molecules with our atoms. Even though Student #1 (Table 4.39, Extended
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Response Question #4) reports being “motivated by their frustration” and Student #2
(Table 4.41, Extended Response Question #4) said, “the madder I got the harder I tried”,
Student #5 (Table 4.46) was observed saying that they “were over this game” because it
was too hard. On the other hand, as a reaction to the first extended response question of
the journal prompt, Student #1 (Table 4.39) reported that this game was “challenging
enough for me to like playing it”, Student #2 (Table 4.41) responded that it was a
challenging game that only got more fun as it got tougher, and Student #6 (Table 4.49)
really enjoyed moving on to the “tougher levels.” Lastly, after playing Game #5, most
students brought up how difficult the game was at first, but once our character got
stronger from fighting, leveling up, and beefing up our arsenal of petticles and potions,
we found our rhythm and the game became quite straightforward.
Game-Based Learning Themes
Graceful Failure
According to Kapur and Bielaczyc (2012), an additional argument on behalf of
GBL emphasizes its allowance of graceful failure. Rather than thinking of failure as an
undesirable or negative outcome as is the case in most traditional forms of curriculum
and instruction, GBL designs promote the idea that failure is not only an expected
outcome but is often a necessary and vital step for making progress within the learning
process (Kapur & Kinzer, 2009). Furthermore, Hoffman and Nadelson (2010) claimed
that the “lowered consequences of failure in games encourage risk taking, trying new
things, and exploration” and that the “ability to fail gracefully is connected to motivation,
engagement, and adaptivity” (as cited in Plass et al., 2015, p. 261).
As a part of the fourth extended response question from the journal reflection
prompt completed following gameplay, case study participants were asked to rate the
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statement “It made me less afraid to make a mistake or more willing to try new things”
on a scale from 1 to 5 with a rating of one indicating an opinion of strong disagreement,
two indicating disagreement, three representing indifference, four indicating agreement,
and a rating of five indicating strong agreement. For Game #1 (Figure 4.2) and Game #2
(Figure 4.9), students gave an average scale rating of 4.16 in response to the second
statement found within the fourth extended response question of the journal reflection
prompt, indicating an agreement they experienced sensations of graceful failure. After
playing Game #3 (Figure 4.16) and Game #4 (Figure 4.23), students gave an average
scale rating of 4.33, meaning they had a slightly stronger consensus of agreement with
the same statement following gameplay. Lastly, following Game #5 (Figure 4.30), an
average scale rating of 4.83 was given, indicating a strong agreement between students.
All in all, an average scale rating of 4.362 combined from all five games shows that
students generally agree with the idea that they feel less afraid to make mistakes and are
encouraged to try new things when they play videogames. I found it interesting that as
students played more games, their average scale rating of graceful failure grew, which
could perhaps indicate that despite encountering failure, their confidence grew stronger
throughout the intervention. Further, the only scale rating given by students for this
particular question was a 3, 4, or 5, indicating that none of the students ever denied
having experienced graceful failure during the GBL process.
In addition, several units of observational data support the notion that students
experienced sensations of graceful failure during the six-week GBL intervention. During
Game #2 (Figure 4.9), Student #3 (Table 4.18) made a comment about how they felt it
was okay when they messed up or did not get how to do something and Student #6 (Table
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4.24) was able to persevere through having to start over several times and overcome a
difficult part as they collaborated with others who were also struggling to complete the
same level. During gameplay of the Game #3 (Figure 4.16), Smashbond, I took note of
the fact that Student #5 (Table 4.34) normally gets upset with themselves and stressed
when they do not understand more formal assignments that are given through more
traditional instruction, but not so much when they play the game. Oftentimes when they
would mess up, it was followed by a laugh or an endearing comment such as “ah man!”
or “no way!” and then they would keep trying the level over and over again until they
were victorious. During observations of the students playing Game #4 (Figure 4.23), My
Molecularium, all of the case study participants were encouraged by the challenging
nature of this slingshot-style molecule-building game and motivated by what seemed to
be a healthy level of frustration with an appropriately leveled challenge. As we played
Game #5 (Figure 4.30), failure essentially meant death of your main character and
starting back over to the previous auto save point. Needless to say, as we trained up,
crafted potions through various laboratory protocols using a wide variety of lab
instruments and forged our own “petticle” weapons through the bonding of metal and
nonmetal elements, failure became an integral part of increasing our character’s level,
enhancing our arsenal, and improving our understanding of the game.
Incentive Systems
According to Plass et al. (2015), “contemporary theories of motivation, such as
self-determination theory, argue that motivation cannot be viewed as a dichotomy of
intrinsic and extrinsic”, but that these factors actually work together and “operate in a
continuum to satisfy innate psychological needs for competence, autonomy, and
relatedness” (p. 269). More specifically, Rotgans & Schmidt (2011) identified various
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incentive structures found within games such as earning points, high scores, badges,
trophies, awards, leveling up, upgrades, etc. that fall on a spectrum of intrinsic and
extrinsic factors. Plass et al. (2015) highlight that incentives such as power-ups and
upgrades are an intrinsic part of the game, while incentive structures such leaderboards or
badges are extrinsic in nature because they do not have a direct effect on gameplay itself.
During the initial digital interview, case study participants alluded to the idea that
they were indeed motivated and engaged by incentive systems such as “scoring points” in
sports games, and earning “ranks, badges, and upgrades” as well as titles such as “match
mvp, most kills, and unlocking new weapons”. Later on, during Game #1 (Figure 4.2),
Student #2 (Table 4.4) was observed stating an exclamatory comment, “I like these
graphics!” While after Game #1 (Figure 4.2), Student #5 (Table 4.11) stated “I thought
the graphics were really cool and it made it easier to see the structure of atoms”. Overall,
as a result of my observations during Game #1 (Figure 4.2), it seemed as if student
participants were motivated by the graphics because we all agreed that the atoms looked
extremely cool once they were created, most certainly a more visually and aesthetically
pleasing and dynamic model when compared with representations from textbooks.
During observations of Game #2 (Figure 4.9), all case study participants expressed strong
motivation to solve each puzzle so that they could move on to the next level. Many of
them constantly checking everyone else and persistently asking questions such as “hey,
what level are you on?”.
As we moved into Game #3 (Figure 4.16), all students along with myself
exhibited a strong motivation for earning the highest score in the class, and everyone
seemed to be focused on matching up compounds so that they could score points and add
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to that high score, at one point I observed being asked, “Mr. Lackey what level did you
get to? What is your high score?”. After playing Game #3 (Figure 4.16), Student #1
(Table 4.27) reported enjoying “how I could earn points and bonuses” in their journal
reflection, while Student #2 (Table 4.29) liked “the smash button power up where all of
your bonus elements bond”, and Student #6 (Table 4.37) was motivated by “being able to
move on to the next round”. Similarly, after playing Game #4 (Figure 4.23), Student #6
also reported being motivated by building enough molecules “to move on to the next
round with tougher levels”. As we all played Game #5 (Figure 4.30), we were motivated
to participate in laboratory procedure and chemical bonding so that we could improve the
main character’s fighting and healing abilities. While Student #4 (Table 4.57) was
motivated by “fighting the monsters”, Student #5 (Table 4.59) enjoyed “making the
potions”, and Student #6 (Table 4.61) was engaged in building chemical compounds so
that our character could grow “stronger and better”.
Gaming the System
One specific challenge encountered at times throughout the intervention occurred
when students grew too motivated and entirely too focused on the videogame itself,
rather than taking the time to fully experience everything the game had to offer and
genuinely participate in the learning process, subsequently resulting in a phenomenon
known as “gaming the system”, in which students “find ways to complete the game
without necessarily learning the educational content” (Plass et al., 2015, p. 269).
In one particular instance during gameplay of the second game, Bond Breaker,
Student #2 seemed to be more game focused and less focused on learning the content. As
a result, they were able to speed through the game and skipped through the cut scenes and
quiz questions, finishing rather early and not being able to provide evidence of mastery
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over the standards or that they had learned the concepts presented within the game. In
addition, Student #1 and Student #4 both commented on the “cheesiness” of the
characters explaining the game and hosting the quizzes, as well as the “cheesy” cut
scenes in general. Unfortunately, it seems as if this student will skip parts if there is an
option presented to them. With that being said, perhaps some of the game mechanics
could be reconfigured in such a way that students cannot progress from one part to
another as easily. Essentially anytime there was dialogue or a cut scene, most students
tried to click through it as fast as they could so that they could move on to play the game.
In another instance with Game #5 (Figure 4.30), all of the case study participants would
click through the dialogue boxes that would appear when you would communicate with
other characters, which typically contained information for quests as well as directions
for chemistry content.
Phase #5: Verification
When verifying the validity of qualitative data, Creswell (2009) recommended the
employment of multiple strategies to enhance trustworthiness, authenticity, and
credibility. Those include triangulation from the examination of multiple forms of data
collection, member checking with your case study participants using a final group
interview, as well as incorporating rich, thick descriptions to convey findings,
clarification of researcher bias, presenting negative or discrepant information, and
prolonged time in the research field with the participants (Creswell & Miller, 2000). With
that being said, during the last week of the research study, case study participants were
provided with the opportunity to look over their responses, verify their statements, and
double-check the accuracy of the observations that were taken of them.
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In addition, a face-to-face group interview was given so that the six case study
participants would have the opportunity to compare, relate to, and expand upon the
experiences and responses of their classmates. The interview was setup using a round
table method, with students #1 - #6 sitting in order from left to right, while the researcher
sat between students #1 and #6. In order to provide students with an equal and fair
representation within the data, I questioned the students both clockwise (starting with
student #1) and counterclockwise (starting with student #6) as I progressed from question
to question. The student responses that were provided are shown in Table 4.62 below.
Table 4.62 Face-to-Face Group Closing Interview
Date
Date: 11/19/21

Question #
Line of Questioning
#1: Describe your
favorite parts of the
video games we have
played and what made
them enjoyable

Case Study Student #
Student #1

Comment
“Made it easier to learn
new concepts”

Student #2

“Reminded me of what I do
at my house, like playing
video games”

Student #3

“The simplicity of it, using
rules of a game to learn
new concepts. Liked how it
would start easy and then
increase in challenge. Some
parts would be simpler and
then it would get more
difficult”
“I liked the fighting parts in
the ChemCaper videogame,
how we could make better
weapons and potions, level
up, and the competition it
created among the class”.
“How it made the class time
go by faster, and if I were to
make a mistake I wouldn’t
feel as bad about it”
“How it was different than
paperwork, or an
alternative to traditional
assignments. Made it more
motivating to get into”

Student #4

Student #5

Student #6
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Date: 11/19/21

Line of Questioning
#2: Describe your least
favorite parts of the
video games we have
played and what made
them unenjoyable?

Student #1

“Atom Builder felt a little
redundant”

Student #2

“Loss of data as a result of
a glitch or unpreventable
factor”
“My Molecularium felt
frustrating and a little
repetitive”
“One game in particular,
Atom Builder was a little
too predictable”

Student #3

Student #4

Student #5

Date: 11/19/21

Line of Questioning
#3: How has gamebased learning impacted
your learning of
chemistry concepts?
Which components of
the gameplay helped
you learn? Which
components of the
gameplay do you feel
hindered your learning?

Student #6
Student #1

Student #2

Student #3

“Not understanding certain
controls at first”
“Getting too frustrated”
“Repetitiveness built into
the games really helps me
to learn concepts,
Smashbond was my favorite
because we all competed to
get the high score and get
the furthest in the game
before class was over”

“Keeps me entertained and
engaged long enough to
learn the concepts,
sometimes the concepts felt
simpler in the game”
“The first game we played,
Atom Builder helped teach
valence, periodic table
really helped, but they are
time consuming”

Student #4

“It felt like the simplicity of
the game helped to
introduce and prepare me
for the complexity of more
traditional work, and made
me feel more confident
going into it”

Student #5

“Learning traditionally is
more difficult than learning
through a game, when you
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Student #6

Date: 11/19/21

Line of Questioning
#4: Did you find
yourself more or less
motivated to learn
chemistry in this way?
How is it different from
other ways in which you
have been taught? Can
you elaborate on that
subject further?

Student #1

Student #2

Student #3

Date: 11/19/21

Line of Questioning
#5: As you were playing
and watching the game,
how would you describe
your overall level of
engagement? Can you
elaborate on those ideas
further?

learn a game it can be more
tempting to skip through
stuff and just play the game
and not learn anything”
“I feel like I paid more
attention to the games, and
they kept me engaged for
longer periods of time when
compared with your
teaching my attention span
was not as long”
“Yes – Its informal and a
more relaxing way to
learn”

“Makes it more of a vivid
memory that sticks out
when compared with all the
paperwork that we normally
do”
“Yes - it is not every day
that you get to play games
in school, how the game
rules and controls translate
to actual concepts and
standards in the subject of
chemistry”

Student #4

“I liked how it was not as
big of a deal when you
messed up”

Student #5
Student #6

“It is way less boring”
“More hands on, felt like
we had the control instead
of you just teaching it”

Student #1

“Depending upon the game,
if it was competitive enough
I would engage. I really like
to compete with others
whether we are in groups or
by ourselves”

Student #2

“I was pretty engaged I
would say, especially if
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Student #3

Student #4

Student #5

Student #6

there was more of a
challenge/competition
amongst the classroom.
Sometimes it would just
depend on the game and the
morning I came in though”
“Sometimes it would
depend on the game or the
day, I feel like I found
myself looking at the clock
way less, it would make
class go by quicker”
“I felt like they were all
really fun. Unless we ran
out of levels or time I really
wanted to keep playing
them, especially as I got
better at them”
“While playing the game I
was not looking at my
phone near as much,
checking for messages from
friends or scrolling through
social media”
“I feel like most of the
games get me engaged and
focused in class, and I was
less apt to want to leave
class”

Throughout the progression of both the interview and analysis, I recognized that
students’ responses seemed to fall into the categories generated by the theoretical lens
more effortlessly, and the production of new or novel insights were kept to a minimum
when compared with previous methods of data collection. During the closing interview, I
was genuinely and pleasantly surprised at the degree to which students were able to relate
with each other based on the themes that were identified within the theoretical
framework. Not only were they able to collaborate, relate to, and connect with each
other’s independent ideas, but the case study participants were also able to expand upon
the thoughts of their peers by providing more examples and linking these to other themes
present within the literature. By the time we had gotten through the first question, this
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semi-structured interview had morphed into what felt more like an informal conversation
amongst friends or peers where one stream of dialogue sparked additional avenues of
interaction. While these six students might have failed or succeeded to some degree to
socially connect over the semester, this newfound discourse of gaming seemed to provide
all six of the case study participants with a common literacy or language from which their
opinions could be voiced, heard, and valued at the round table. Gee (1989) believed that
discourses such as these can be defined as “socially accepted associations among ways of
using language, of thinking, and of acting that can be used to identify oneself as a
member of a socially meaningful group” (p. 1). Furthermore, Adams (2006) claimed that
when students are provided with sociocultural contexts for tasks that extend to personal
and social life outside of the classroom as well as connects to their broader and more
personal agendas, school learning evolves into something that is more transferrable, as it
becomes part of their “social milieu” (p. 251).
Vygotsky’s (1978) theory of social constructivism asserts the idea that knowledge
originates as a result of the social interactions we have, and is not so much a possession
of individuals, but rather a shared experience, and that students could successfully learn
and navigate their zones of proximal development (ZPDs) with the guidance and
assistance of more knowledgeable others. More specifically, Pea (1985) and Salomon
(1988) pioneered the notion that perhaps technology could play a similar role using
computer software designed to gauge student’s performance level and make
modifications accordingly. Plass et al. (2015) suggested that GBL activities aim for the
“sweet spot” in which they encounter appropriately leveled challenges that are designed
for them to struggle yet be able to overcome. As students began to exchange their
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experiences with each other during the first line of questioning (Table 4.62), Student #3
shared that they “liked how it would start easy and then increase in challenge” and how
“some parts would be simpler and then it would get more difficult,” during the
conversation surrounding the third question, Student #4 eluded to the idea that learning
through the videogames helped to scaffold them for more traditional, paper-based
classwork. In addition, as a response to Question #5 (Table 4.62), Student #2 shared they
felt more engaged when they were more challenged within the game. In addition to
collaborating with their peers, the observational, journal reflection, and interview data
reflect the notion that the case study participants seemed to all respond positively to the
healthy degree of social competition that was created within the classroom as a result of
this GBL intervention. During the initial question, Student #4’s leading comment
revolved around how their favorite parts of the chemistry videogames were the ones that
stimulated the most competition amongst classmates while Student #5 admitted to
competition being what kept them the most engaged in response to the last question.
When taking Ryan and Deci’s (2000) self-determination theory into
consideration, it was evident during both the closing interview and analysis that students
felt strongly about their ability to relate with playing videogames, as this is an activity
that the majority of these particular students reported investing a considerable amount of
time doing within their personal and social discourses according to the previously
collected data from the initial questionnaire and opening interview. For example, in
response to Question #1 (Table 4.62) of the closing interview, Student #2 felt that this
method of learning reminded him of the things he did at home, “like playing
videogames” and expanded upon this idea in Question #4 (Table 4.62) by stating that this
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in turn can create a “more vivid memory” that “sticks out more when compared with
paperwork” whereas Student #6 felt that their familiarity with this activity, it made the
learning “more motivating to get into”. Student #4 went as far as to admit that if they had
more time they would have continued to play because of how fun they personally thought
that videogames were. Throughout the study, I even had a few students who told me they
actually played the games at home. In addition, the observational, journal reflection, and
interview data all point toward the notion that students feel as if they have more control
over the happenings within a videogame, and that this can potentially result in a sensation
of competence when it comes to navigating the academic content itself. For instance, in
response to Question #1, Student #3 was motivated by the “simplicity of it” and enjoyed
“using the rules of a game to learn new concepts”, while Student #1 similarly admitted
that this method of learning made it “easier” for them to “learn new concepts”. Moreover,
in response to the third line of questioning, Student #2 admitted that the “concepts felt
simpler in the game”, while Student #4 reported that they “felt like the simplicity of the
game helped to introduce and prepare” them for the “complexity of more traditional
work,” and made them “feel more confident going into it”. Lastly, when students were
asked about how their motivation was impacted by this mode of learning during the
interview, Student #3 commented “it is not every day that you get to play games in
school, how the game rules and controls translate to actual concepts and standards in the
subject of chemistry” and Student #6 elaborated on this idea stating that the game felt
“more hands on” than traditional mode of learning and made them feel as if they had
more control over their own learning when compared with traditional teacher-led
methods of learning.
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According to Csikszentmihalyi’s (1988) flow theory, sensations of engagement
are more likely to occur as a result of participation in activities that are personally
significant or relevant. He further characterizes these types of engaging experiences by
attributes such as intense concentration, sustained interest, enjoyment of the challenge,
and a loss of track of time. With that being said, these themes arose and were identified
across all three forms of data collection that were utilized during this study including
observations, journal reflections, and interviews. As the five interview questions (Table
4.62) were discussed amongst the case study participants, Student #5 claimed that the
games “made class time go by faster”, Student #3 said that they found themselves
“looking at the clock way less” and that it actually made “class time go by quicker”,
while Student #6 extended the conversation further by stating that they “ feel like I paid
more attention to the games and they kept me engaged for longer periods of time” when
compared with more traditional methods of teaching. In regard to the distractions that
have the potential to interrupt student attention or focus, Student #5 admitted that while
they were playing the games they were not “looking at their phone near as much”,
“checking for messages from friends”, or “scrolling through social media” while Student
#6 expressed the idea that they felt as if they were less likely to come up with an excuse
to leave class”. In addition to these positive indicators, students also directly addressed
their engagement during the closing interview. Student #1 claimed that their engagement
was related to the level of competition or challenge within each game, Student #2
commented on how the videogames kept them “entertained and engaged for long
enough” to learn new concepts, and Student #6 reported that they felt as if “most of the
games” got them “engaged and focused”.
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Plass et al. (2015) assert that games which create effective learning environments
increase student motivation through the creation of high situational interest and provision
of incentive structures. Hoffman & Nadelson (2010) have further shown that games
provide students with the opportunity to experience graceful failure, as the relaxed
consequences of failure in games encourage students take more risks, more easily try new
things, become more willing to explore their surroundings, learn from their mistakes, and
persevere through multiple attempts. Not only were incentive systems and graceful
failure identified as themes within the observations and student reflections but were also
present during the closing interview. Student #4 stated that Game #5 (Figure 4.30) was
their favorite game because they enjoyed how we could “make better weapons and
potions” and “level up” to get better, while Student #1 admitted that Game #3 (Figure
4.16) was their favorite game because the whole class was competing to get the “high
score” and to get to the furthest level before class was over. In addition, Student #5
expressed that if we would have to start over or “make mistakes” in the game that they
“didn’t feel as bad about it”, while Student #4 shared that they felt as if it was “not as big
of a deal if you messed up.”
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CHAPTER FIVE
DISCUSSION
“Yes, we can learn from digital games because it is part of the culture that now
engages the younger generations and technology is more of a part of us now as a society
than it ever has been before.” –Case Study Student #4
Overview of Study
As a novice college student progressing through my undergraduate years of
teacher training, I must admit that I had painted a rather homogenous picture of my future
students before getting to know them, and assumed they would all generally behave,
learn, and think similarly. Soon after I became a teacher, I quickly recognized that I could
not have been more wrong, and that my public school classroom is immersed with
individuals who come from a diverse array of economic circumstances, familial
structures, cultural backgrounds, and social scenes that highly influence who they are,
how they learn, and what they like to do. As a reaction to the plethora of observations and
interactions that took place between my students and I during my first couple of years as
a high school chemistry teacher, I also came to the realization that the traditional
secondary and post-secondary chemistry education I received which worked so well for
me, was actually doing the opposite for my students. Other than a few individuals, the
strong majority of the students in my classroom seemed to lack the proper motivation for
genuinely and authentically engaging with state-mandated chemistry subject matter. As a
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result of the dissonance between what I experienced as a student and witnessing the
reality of my own students as a teacher, the idea for my problem of practice was initially
conceived. In other words, I began to ask myself, how do I transform this traditional,
textbook and teacher-centered version of classroom and laboratory chemistry that I know
and love, into an entertaining and relatable version of chemistry that motivates my 21stcentury students to learn concepts that they otherwise would not attempt to understand,
be motivated to engage in, or care to concern themselves with? As I have considered and
contemplated this question, it is safe to say that I have grown much more concerned with
how the subject of chemistry can contribute to the education and social development of
individual young people who are not necessarily aiming to specialize in it, while
ultimately trying to resist the fallacy to homogeneously teach my students as if they all
passionately aspired to be a university-educated scientist, high school science teacher, or
college chemistry professor (Counts, 1932; Flinders & Thornton, 2017).
The action research (AR) cycle within this study was ultimately organized into
five stages or phases consisting of description, discovery, exploration, interpretation, and
verification (Durdella, 2019, p. 4). The description phase of this study describes the
problem of practice, as well as reviews the research design, intervention, and research
questions. Going forward, the discovery phase focuses on the sampling methodology,
selection of the case study, and findings from the initial digital interview, the exploration
phase emphasizes the general findings including the picture artifacts, observations, and
journal reflection prompts that were collected during the six week intervention, while the
interpretation phase occurs simultaneously as well as includes the supplemental analysis
of data concerning additional a priori themes identified from the theoretical framework.
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Finally, the last verification phase contains the findings from the closing interview and
works to verify the validity and reliability of the qualitative data that were collected and
analyzed as well as triangulate the findings from the interviews, observations, and journal
reflections. Due to the qualitative nature of this AR cycle, the exploration phase (data
collection) and interpretation phase (data analysis) simultaneously occurred (Merriam &
Tisdell, 2016). Therefore, the findings concerning the two primary research questions,
which aim to investigate the effect of the game-based learning (GBL) intervention on the
motivation and engagement on this particular group high school students, are presented
alongside the observations and journal reflection prompts for each of the five games that
were played.
According to Creswell (2009), qualitative studies should focus on “multiple forms
of data such as interviews, observations, and documents”, as well as the collection of
artifacts, rather than relying on a single source of data (p. 175). With that being said, the
forms of data collection utilized during this research include a preliminary criterion
questionnaire, opening individual digital interviews and a closing face-to-face group
interview, as well as photograph artifacts, observations, and journal reflections that were
recorded for all six members of the case study for all five games that were played
throughout the duration of the research cycle. As previously mentioned, the initial
questionnaire and case study selection were based on LeCompte and Schensul’s (2010)
criterion selection process, the observational protocol was developed using a template
from both Bogdan and Biklen (1992) as well as included demographic suggestions from
Creswell (2009), both the interview protocols and journal reflection prompts were
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developed by the practitioner/researcher using a combination of suggestions and
recommendations from both Creswell (2009) and Durdella (2019).
Interpretation of Results
During the eight-week research cycle, a variety of research instruments were
employed in order to identify and select the case study participants, as well as collect and
measure the qualitative findings from their responses. At the beginning of the study in the
initial description phase, an individual criterion-based questionnaire was digitally given
in order to select the sample that would most accurately reflect and represent this
particular rural population of socioeconomically disadvantaged, career technical
education high school students. The initial questionnaire not only verified the age range,
average core class grade, free/reduced lunch status, and attitude that these students had
toward the subject of science, but also identified the act of playing videogames as a
central discourse within these students’ lived experiences. On average, whether they
found themselves playing games on their mobile device or using their consoles at home,
the six case study students reported investing up to approximately 15.75 hours per week
and 4.5 days per week playing videogames and mobile phone applications, with no
significant differences existing between the responses of the three males and three
females that were selected.
During the discovery phase of this research, the opening interview shed further
light on the gaming habits and tendencies of this particular sample of students. From a
sociocultural perspective, it was discovered that not only are my students personally
interested in a variety of videogames and invest a good portion of their time playing
them, but the majority of the case study students’ responses showed that they were
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motivated to engage in the act of playing video games for inherently social reasons. The
majority of the case study participants seemed to enjoy playing online games that are
specifically designed for social and interactive play with others, such as shooters like Call
of Duty and Fortnite, or sports games like Madden and 2K. Furthermore, many reported
being motivated by elements of competition and collaboration within and between groups
of friends, often rivaling each other over built-in incentives (awards, upgrades, rankings,
match MVP etc.) that they have to individually earn in order to fit in the group or to be
potentially considered as the most valuable player within that social group. Even if
students reported being physically alone in-real-life when they were playing videogames,
most of them were still playing socially with others in an online format for the majority
of the time that they spent gaming throughout the week.
During the exploration and interpretation phases of the study, data from the GBL
intervention was collected and then the findings were examined over a total of six weeks.
More specifically, both observational data and photographic artifacts that were taken by
the practitioner researcher during gameplay and journal reflection data that was recorded
by the case study participants following gameplay were then simultaneously analyzed for
a priori themes describing their level of motivation and engagement throughout the
intervention. Tables 5.1 and 5.2 below show the average scale ratings provided by the six
case study students for both motivation and engagement, respectively. While Ryan and
Deci’s (2000a) self-determination theory was used to define motivation,
Csikszentmihalyi’s (1990) flow theory was used to outline engagement.
Over the course of the entire study, Table 5.1 below shows that students provided
an average scale rating of 4.2328 for autonomy, which indicates that the case study
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students generally agreed upon the notion that these games provided them with a greater
sense of control over their learning. In addition, a score of 4.0304 shows that they were
also in agreement over the idea that this GBL intervention related more to their life
experiences when compared with traditional, teacher-centered methods of curriculum and
instruction. Lastly, a score of 4.0334 supports the idea that students experience sensations
of competency when they practice chemistry problems, many of them commenting that it
helped build their confidence when working with more traditional forms of assessment.
Table 5.1 Average Scale Rating Motivation Scores
Components
of SelfDetermination
Theory

Game #1:
Atom
Builder

Game #2:
Bond
Breaker

Game #3:
Smashbond

Game #4: My
Molecularium

Game #5:
ChemCaper

Average
Scale
Rating

Autonomy

4.33

4.167

4.5

4.0

4.167

4.2328

Relatedness

3.83

4.0

3.83

4.162

4.33

4.0304

Competency

4.0

4.0

4.167

4.0

4.0

4.0334

In addition, Table 5.2 below summarizes the primary factors that
Csikszentmihalyi (1990) outlined in his flow theory regarding the optimal experience, as
he compares authentic engagement to achieving a state of flow, where one becomes so
absorbed with a particular activity that they potentially lose their awareness or track of
time and experience a heightened since of focus with a limited occurrence of distraction
and interruption. In regard to time awareness, the case study participants provided an
average scale rating of 4.0328, indicating that they generally agreed with the consensus
that they lost their track or awareness of time. Furthermore, an average scale rating of
2.0654 shows that this particular population of students disagreed with the idea that they
were distracted while they were playing the videogames.
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Table 5.2 Average Scale Rating Engagement Scores
Components
of Flow
Theory

Game #1:
Atom
Builder

Game #2:
Bond
Breaker

Game #3:
Smashbond

Game #4: My
Molecularium

Game #5:
ChemCaper

Average
Scale
Rating

Time
Awareness

4.0

4.0

4.167

3.83

4.167

4.0328

Presence of
Distraction

1.83

2.0

2.0

2.167

2.33

2.0654

At the conclusion of the study, a face-to-face group round table interview was
conducted alongside the six case study participants in order to enhance the qualitative
reliability and validity of the findings. Following Gibbs’ (2007) suggestions, this closing
interview not only provided the researcher with an opportunity to collect more data for
analysis, but also gave the six case study participants an opportunity to participate in the
member checking process and look over the researcher’s personal observations of them,
as well as review their journal reflection responses in order to verify that they did not
contain any obvious mistakes, errors, or inaccurate information. In addition, this closing
interview works to triangulate the findings that came from the initial criterion
questionnaire, opening individual digital interview, photographic artifacts, observations,
and journal reflections. Lastly, this interview works to verify that a point of saturation
had been reached and no novel themes were generated in addition to the categories
presented within the theoretical framework.
Practice Recommendations
The PoP within this qualitative AR study initially arose from the idea that the
discourse of teachers, specifically my own, and the discourse of the students sitting in my
classroom were often found to be antagonistic in nature, especially when it concerned the
curricular and instructional activities that took place within my chemistry classroom. In
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other words, how I viewed school within my academic discourse presented and
manifested itself quite differently than the majority of my students’ perspectives of
school within the realm of their own particular discourses. To put it simply, we were not
functioning on the same page.
According to Gee (1987), discourses of teachers and students not only involve
“values and viewpoints through which one must speak and act” but also tend to concern
themselves with “certain objects and put forward certain concepts” (p. 2). Furthermore,
the discourses of teachers and students are not only defined within these particular
groups, but are actually reinforced through their opposing relationship to one another.
Prior to this study, I would have defined the discourse of school as somewhere to
consciously learn subject-specific facts, emphasize the analytic language of the scientific
experts, and put forth certain objects such as papers, pencils, and textbooks, as well as
concepts such as teacher-centered modes of learning. As a result of this AR cycle, I have
learned and now recognize that this particular population of career technical education
students value school as an outlet for focusing on the subconscious acquisition of
knowledge through naturally modeling their CTE instructors, participate and engage in
processes of trial and error, socialize with similar-minded peers, emphasize the language
from their vocational areas of expertise and personal interests, and put forth certain
objects such as the tools of their trade and the technology they have at their disposal.
At the conclusion of this eight-week study, my primary pedagogical
recommendation focuses on accepting the discourses of my students rather than rejecting
them, and taking advantage of the activities and objects that they place the most emphasis
upon, as well as honoring their personal interests and adapting the curriculum and
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instruction sequence to be more of a social experience where knowledge is created
amongst the individuals within the classroom through their use of language as opposed to
predetermined by the teacher. Throughout the duration of this study, these active efforts
and dispositions have all been shown to have a positive effect on the motivation and
engagement of my particular population of students within the high school chemistry
classroom. Not only did these students experience a heightened sense of motivation and
engagement through the incorporation of GBL, but the videogames we played were also
able to model and scaffold state-mandated chemistry standards as a more knowledgeable
other (MKO) and replicate this process of acquisition that takes place within their career
technical education courses.
Implementation Plan
As a result of the COVID-19 pandemic that suddenly struck the globe in 2019 as I
was amidst this program, more than thirty thousand K-12 public schools were forced to
close their doors and seek out or develop virtual modes of curriculum and instruction for
over twenty million students in response to this viral outbreak. According to Heafner et
al. (2015), as students shift their learning from the physical world to an increasingly
virtual format, less than satisfactory implementation of technology poses “a serious threat
to the academic progress, safety, and social lives of our students” and developing digital
curriculum and instruction presents its own individual set of challenges and obstacles to
classroom teachers. More specifically, Goldstein (2020) highlighted that technology can
be a double-edged sword as they express concern that the incorporation of technology in
education has the potential to have a disproportionate effect on youth who come from
rural or low-income backgrounds such as the population of students targeted in this
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particular study. On the other hand, if implemented equitably, Lips (2010) believed that
learning through technology has an unlimited potential for dramatically expanding the
educational and professional opportunities for American youth, as well as works to tear
down geographical and demographic restrictions that we typically associate with the
traditional format of brick and mortar schooling.
With that being said, GBL is a unique tool that can be used to enhance the
learning process within these types of virtual and online settings or blended educational
environments, especially if there is a one to one student to device ratio and students have
equitable internet access from home. Not only can students collaborate and compete
within the walls of a classroom, but videogames provide students with a motivating,
engaging, and personally interesting platform for learning and socializing at a distance,
which has become increasingly important during this trivial time in our society. Not only
have GBL methods been shown to have the unique capacity to encourage and entice
students who are learning from afar or who are in quarantine, but the results of this study
indicate that successful implementation of videogames within curriculum and instruction
amphibiously offers an attention-grabbing hook for students when exploring novel
content at the beginning of a lesson, or as an innovative activity for reinforcing and
extending lessons after they have been taught.
With this idea in mind following this particular study, students in my classroom
will play chemistry videogames in order to be introduced to novel chemistry topics
encountered during my sequence of curriculum and instruction. According to the case
study participants, the videogames that we played simplified the chemistry content and
“made it easier to learn new concepts”. In addition, during the closing interview the case
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study expressed how the games would start off with simpler problems and then build to
get more difficult as they progressed from level to level. A few other case study students
added, “it felt like the simplicity of the game helped to introduce me to and prepare me
for the difficulty of paper and pencil work” and “make it more of a vivid memory that
sticks out”. In future courses, as we continue to dive further into the chemistry content,
rather than referring back to the rules in chemistry, instruction starts to emphasize how
the rules of the game translate and tie back into chemistry content.
Considering the integral role that videogames play in the social, cultural, and
personal discourses of our students lived experiences, I came to the realization that my
high school students are much more familiar with the mechanics of a videogame, when
compared with the mechanics of chemistry content they have just learned. Whereas my
earlier observations prior to this study showed me that students tend to become quickly
discouraged as chemistry content becomes more challenging, my latter observations and
data collected during this research cycle have shown that when these particular students
are playing a videogame the opposite actually occurs and they were encouraged by the
level of challenge that they faced and experienced an overall increase in motivation and
engagement. In other words, as the chemistry content became increasingly complex, the
game became more challenging and therefore more fun and engaging for the students to
play. For this reason, I think it is vital for students to revisit gameplay following a unit or
series of lessons as a reinforcing tool or capstone and compare and contrast or reflect
upon their experiences after playing the videogame before and after each lesson.
Following the conclusion of this research, pending administrative approval I have
plans to develop and lead a professional development seminar next school year with the
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science department showcasing the chemistry videogames that were played during this
study and how they relate back to our state standards, as well as to provide a discussion
on the advantages and challenges of GBL, and how they can modify and put this practice
to best use within their subject areas and their sequences of curriculum and instruction.
Reflection on Action Research
The primary goal of this particular qualitative AR study emphasizes the great
need for enhancing the understanding of curriculum, instruction, and pedagogy that has
the potential to increase the motivation and improve the engagement of a
socioeconomically disadvantaged, Southern, and rural population of high school career
technical education students. In 2015, the Every Child Succeeds Act identified “students
in poverty” as a key population that is deserving of special attention in regards to
fostering performance, growth, and achievement. Furthermore, research by Mujtaba et al.
(2018) shows that the number of students from disadvantaged backgrounds electing to
enroll in chemistry courses and study chemistry following secondary education are
decreasing over time, and that less chemistry education research emphasizes more
subjective factors such as affect, attitude, motivation, and engagement when compared
with those that are primarily quantitative and more focused on learning, performance, and
academic achievement. Ultimately, the Royal Society of Chemistry has labeled the
declining situation for socioeconomically disadvantaged students in science, particularly
in chemistry, as a top priority area of concern (Mujtaba, 2018).
For this qualitative study, AR was selected as the methodology due to its sensitive
approach within educators’ unique settings and to the individuals within them. AR not
only allows the teacher to examine their problem of practice as a researcher but permits
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the researcher to authentically interact with their research participants in the way a
classroom teacher would interact with their students and is strongly encouraged for
practitioners who remain in the field with participants for extended periods of time
beyond the conclusion of the study (Efron & Ravid, 2013; Herr & Anderson, 2015).
Although this research is intended to generate knowledge that is ultimately available to
the public domain, the findings from this study will not necessarily result in data that is
generalizable or readily transferable to another study, problem of practice, or population
of students.
Limitations of the Study
The limitations of this AR study primarily concerned the time constraints
associated with this course of study. Due to program requirements, data collection only
took place for eight weeks in total. Although data sources were highly accessible to the
researcher once they were collected from the case study participants, the nature of this
qualitative case study depended upon the adequate attendance of a handful of high school
students. Since the case study participants needed to be present at school for data
collection to occur, if they were absent for that particular day then they had to participate
virtually through our learning management system (LMS), Schoology. In addition, due to
the time limits of classes during the school day, the study had to be designed and
executed in such a way that students could participate without feeling rushed and data
could be generated and collected within the time frame of a single class period. In
addition, the results generated within this study are concerned with the particular
population of students found at this institution and within this sample and are not
necessarily transferrable or generalizable to another population of students or alternative
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setting. In other words, what works for one particular population of students in one
context may not necessarily work for other groups of students working in different
contexts.
In regards to the intervention specifically, one challenge encountered at times
throughout the process of gaming occurred when students grew entirely too focused on
beating the videogame itself, rather than taking the time to fully experience everything
the game had to offer and genuinely participate in the learning process, subsequently
resulting in a phenomenon known as “gaming the system”, in which students “find ways
to complete the game without necessarily learning the educational content” (Plass et al.,
2015, p. 269).
In one particular instance during gameplay of the second game, Bond Breaker,
Student #2 seemed to be more game focused and less focused on learning the content. As
a result, they were able to speed through the game and skipped through the dialogue, cut
scenes, and quiz questions, finishing rather early and not being able to provide evidence
of mastery over the standards or that they had learned the concepts presented within the
game. In addition, Student #1 and Student #4 both commented on the “cheesiness” of the
characters explaining the game and hosting the quizzes, as well as the “cheesy” cut
scenes in general. Unfortunately, it seems as if some students will skip parts if there is an
option presented to them. With that being said, perhaps some of the game mechanics
could be reconfigured in such a way that students cannot cut corners and progress from
one part to another as easily. Essentially anytime there was dialogue or a cut scene, most
students tried to click through it as fast as they could so that they could move on to play
the game. In another instance with Game #5, all of the case study participants would click
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through the dialogue boxes that would appear when you would communicate with other
characters, which typically contained information for quests as well as directions for
navigating chemistry content.
Recommendations for Future Research
As I continue to progress and move forward with GBL research within my particular
practice, I not only want to carry on examining the relationship between GBL and
subjective factors such as students’ motivation, engagement, and attitude, but also plan
on expanding my work into the quantitative realm and begin to investigate how GBL can
impact my career technical education students’ academic achievement and growth within
the high school chemistry classroom. Furthermore, after outlining the theoretical
framework lens that encompasses the perspective of this study, I would like to perform
research that focuses on the individual theories presented within this work and then bring
them back together in order to paint a more detailed and wholesome picture of this
specific population of students.
At the conclusion of this AR study, an additional subjective factor that I intend to
further investigate, analyze, and measure through qualitative methods surrounds the
concept of interest and its relationship with student motivation and engagement. Miller
and Brickman (2004) outline and define interest as a “psychological state that involves
focused attention, increased cognitive functioning, persistence, and emotional
involvement” (as cited in Snowman & McCown, 2015, p. 377). According to Dewey
(1902), students are considered as social beings and should be given frequent
opportunities to create ideas and establish learning goals that are ultimately based upon
their individual and unique personal interests. Snowman & McCown (2015) highlight
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two major types of interest, personal (or individual) interest and situational interest.
While personal interest is more long term and can be characterized by an internal desire
to understand a topic, situational interest tends to be more temporary and is based on
context-specific factors. Based on the results of this study, it seems as if GBL has a
unique ability to take advantage of students’ high level of personal interest in videogames
which in turn creates a situational interest in chemistry topics that could potentially lead
to the development of a personal interest in the subject of chemistry itself.
Considering the statistic that over 99% of boys and 94% of girls report playing
videogames (with most reporting playing 7-10 hours per week on average), as secondary
and post-secondary education progresses into increasingly hybridized formats and virtual
environments I would highly encourage other high school chemistry teachers to examine
the impact that GBL can potentially have on their unique populations of students
(Lenhart, 2008; Homer et al., 2012). This will work to determine how transferable and
relatable this alternative method of curriculum and instruction can be when it comes to
working with specific groups of high school students who come from all different types
of cultural, geographical, and socioeconomic backgrounds, as this qualitative AR study is
specific to my practice and the rural, socioeconomically disadvantaged, and career
technical education students that I work teach and learn from on a daily basis.
Summary of the Dissertation in Practice
The problem of practice (PoP) surrounding this particular qualitative AR study was
initially developed as a direct result of the absence of motivation and lack of engagement
that I painstakingly observed during my first couple of years as an educator working with
this unique population of secondary career technical education students who found
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themselves within my rather traditional, teacher-led high school chemistry classroom. In
light of my observations and struggles as a novice teacher, rather than continuing to go
against the grain and prioritize my own pedagogical agenda, for this dissertation in
practice, I developed an alternative GBL curriculum and instruction sequence that
focused more on my students’ social and cultural discourses, more specifically their high
level of social and personal investment in playing videogames. After collecting a variety
of data from sources including photographs, observations, interviews, and journal
reflections, it became increasingly evident during the six-week study that this GBL
intervention had an overall positive impact on both my students’ motivation to learn
chemistry concepts as well as their overall level of engagement within the chemistry
classroom.
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